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SUMMARY SHEET 

FINAL ENVIRONMENTAL STATEMENT 

LIQUID METAL FAST BREEDER REACTOR PROGRAM 
(ERDA-1535) 

U.S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

This,Final Environmental Statement (ERDA-1535) is issued in support of ERDA's program for the 
development of Liquid Metal Fast Breeder Reactor (LMFBR) technology. The Draft Environmental 
Statement was issued in March 1974, and the Proposed Final Statement (PFES) in January 1975, 
by the Atomic Energy Commission for public review. The PFES was issued in order to provide 
the Administrator of the Energy Research and Development Administration (ERDA) an opportunity 
to review the LMFBR statement and program before issuing a Final Statement to complete the NEPA 
review process. This Final Statement incorporates the PFES and supplemental information 
required as a result of the Administrator's review of it. 

The objective of the LMFBR Program is to develop an environmentally acceptable and technically 
feasible option for meeting the Nation's electrical energy requirements. 

Potential environmental and other effects of the outgrowth of the LMFBR Program including a 
postulated LMFBR-based electric power industry have been considered. Commercial utilization 
of the LMFBR when compared with currently available electricity production systems could extend 
low cost uranium reserves from decades to centuries, reduce the environmental impacts from 
waste heat discharges, air pollution, mining, milling, and enrichment of uranium, and provide 
substantial economic benefits in the reduction of fuel cycle costs. Utilization of the LMFBR 
would involve several recognized problems that are inherent in nuclear fuel cycles, including 
the safeguarding of nuclear materials and facilities against theft or sabotage, the management 
of radioactive wastes, the safety of the reactor and the protection of the public from the 
health effects of transuranic materials. 

Alternative technology options include: 

a. Electrical generation using other energy sources including fossil and nuclear fuels, and 

b. Improved energy conversion and storage devices including MHD, fuel cells, batteries, and 

c. Conservation of electrical energy. 

hydroelectric, solar, wind, tidal, and geothermal energy. 

gas turbines. 

Alternatives to the reference W B R  program plan that were considered were: 

a. Options that stretch out the program. 
b. Options that accelerate the program. 

c. Options that involve a change in program philosophy. 

Written comments on the PFES were received from the Departments of: Agriculture, Commerce, 
Defense, Health, Education, and Welfare, Interior, State, and Transportation; the Arms Control 
and Disarmament Agency, Central Intelligence Agency, Environmental Protection Agency, Federal 
Energy Administration, Federal Power Commission, National Aeronautics and Space Administration, 
Nuclear Regulatory Commission, National Science Foundation; and State agencies, industrial, 
environmental and other public groups and individuals. 

The Final Environmental Statement was forwarded to the Council on Environmental Quality on 
December 31, 1975, and an announcement as to its availability has been submitted to the Federal 
Register. 

q Additional information about the LMFBR Program or Final Environmental Statement can be . 
obtained from Merrill J. Whitman, U. S. Energy Research and Development Administration, 
Washington, D. C, 20545, (301) 973-4366.  



ADMINISTRATOR'S FINDINGS ON THE 
LIQUID METAL FAST BREEDER REACTOR PROGRAM 

FINAL ENVIRONMENTAL STATEMENT 

1. 

Environmental Statement (PFES) for the Liquid Metal Fast Breeder Reactor 

(LMFBR) Program which was released by the former Atomic Energy Commission 

on January 17, 1975. In summary, I found that the PFES amply demonstrated 

On June 30, 1975, I issued my findings on the Proposed Final 

the need to continue research, development, and demonstration of the L M B R  

concept, which could provide an essentially inexhaustible energy source 

tg'meet a significant share of our Nation's energy needs in the next 

century. However, I also found that significant problems had to be 

resolved satisfactorily before any decision could be made to place LMFBR's 

into widespread commercial use. Continuation of the program of research, 

development, and demonstration was necessary to resolve these problems, 

but would not prejudge any later decision concerning commercialization of 

this technology. Before issuing the Statement in'final form, I called 

for an examination of alternative methods'of conducting the program to 

be sure that-- 

(a) the research, development, and demonstration activities are 

properly directed to resolve the remaining technical, environmental, 

and economic issues in a definitive and timely way; 

(b) these issues are resolved before a final decision concerning 

the acceptability of commercial deployment is made; and 



-2- 

(c) test and demonstration facilities that are needed in the LMFBR 

Program are conservatively designed to protect the health and safety of 

the public and to provide useful information for subsequent environ- 

mental, economic, and technical assessments. 

Finally, I recognized chat ERDA has a clear responsibility for making 

a determination, in accordance with the National Environmental Policy 

Act (NEPA), on whether commercial deployment of the LMFBR concept is 

warrapted, even though no commercialization would be possible without 

favorable licensing action by the Nuclear Regulatory Commission and even 
1 -  

though the Commission, as a result of the Energy Reorganization Act of 

1974,  is in no way bound by any future ERDA recommendation that the 

technology is ready for commercial use. 

'i" 

=I& 
I affirm all of these findings. 

2.  After review of the Final Environmental Statement (FES), which in- 
r3 corporates the PFES to the extent consistent with my earlier findings and 
53' 

provides the supplementary review of alternatives I called for, and upon the 

consequent conclusion of the NEPA process, I hereby make the following 

additional findings. 

3 .  I find that the FES is not, and cannot be at this stage of LMFBR 

technology development, a dispositive assessment of the impacts of wide- 

spread commercial deployment of that technology. Nevertheless, I find 

that the FES does provide sufficient information on the foreseeable 

impacts of such deployment and on the programmatic alternatives available 

to resolve the major areas of uncertainty affecting such deployment, so 
/ 

that I now am in a position to determine the structure and pace of a 
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research, development, and demonstration program t o  provide a more dis- 

positive assessment of those impacts and to resolve those areas of 

uncertainty in a timely manner. 

4. 

tion, fuel cycle performance, reactor Safety, safeguards, health effects, 

waste management, and uranium resource availability. I find that the 

availability 

The FES shows that the major areas of uncertainty lie in plant opera- 

f sufficient information to resolve these areas of 

inty is crucial before ERDA can render a meaningful decision on 

the commercialization of that technology, i.e., the environmental 
I, 

ty, technical feasibility and economic competitiveness of 

logy for widespread commercial deployment. 

5 .  

Program has focused on plant operation through the development of 

experience in LMFBR demonstration plants, on fuel cycle performance 

through its base program of fuel cycle development, and on reactor 

safety which is an integral part of both the plant demonstration program 

and the'base program. 

effects, waste management and uranium resource availability - are not 

unique to the LMFBR, and are being addressed generically by other programs 

which have schedules not susceptible to significant acceleration. 

Measured against the schedules for these programs', the FES evaluates eight 

options for structuring the necessary research, development and demon- 

stration program for LMFBR technology. 

ERDA has programs in place in each of these areas. The LMFBR 
k 

a. 

J 

The other areas of uncertainty - safeguards, health 

These options are structured to 
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r e f l e c t  changes i n  the  t iming  and number of  p r o t o t y p e  r e a c t o r  p l a n t s  and 

v a r i o u s  component test: f a c i l i t i e s ,  and t h e  consequent  changes n e c e s s a r y  

i n  t h e  s u p p o r t i n g  b a s e  program, t h u s  r e f l e c t i n g  a w i d e  r ange  of  program 

s t r a t e g i e s .  The program a l t e r n a t i v e s  a r e  compared on a c o s t - b e n e f i t  

b a s i s  i n c l u d i n g  t h e  e v a l u a t i o n  of r i s k s  r e s u l t i n g  from a c c e l e r a t i m  of  

t h e  program. They a r e  a l s o  compared on t h e  b a s i s  of meet ing t h e  r e q u i r e -  

ment f o r  o p e r a t i o n  o f  a LMFBR d e m o n s t r a t i o n  o r  l a r g e  p r o t o t y p e  p l a n t  

i n  a u t i l i t y  environment  and f o r  s u f f i c i e n t  a s s u r a n c e  of t h e  t e c h n i c a l  

f e a s i b i l i t y ,  economic c o m p e t i t i v e n e s s  and env i ronmen ta l  a c c e p t a b i l i t y  of  

a n  LMFBR economy prior to any irreversible commitment to widespread 

commercial  deployment.  

6 .  Using t h e  f o r e g o i n g  r e q u i r e m e n t s ,  I r e j e c t e d  t h o s e  o p t i o n s  i n v o l v i n g  

r a p i d  a c c e l e r a t i o n  of  t h e  program because  of t h e  l a c k  of  any d e m o n s t r a t i o n  

o r  l a r g e  p l a n t  e x p e r i e n c e  and i n s u f f i c i e n t  i n f o r m a t i o n  i n  t h e  a r e a s  of 

f u e l  c y c l e  pe r fo rmance ,  r e a c t o r  s a f e t y ,  s a f e g u a r d s ,  w a s t e  management, and 

h e a l t h  e f f e c t s  b e f o r e  a commitment would be made t o  c o m m e r c i a l i z a t i o n .  

Those o p t i o n s  i n v o l v i n g  major  d e l a y s  i n  t h e  program were l i k e w i s e  deemed 

G 

': c; 

3 $ 5  

I: -J 

,: i 

u n a c c e p t a b l e  because  of t h e  r e s u l t i n g  l o s s  of  n e t  economic b e n e f i t s  and 

o f  i n s u r a n c e  a g a i n s t  a p o t e n t i a l l y  i n a d e q u a t e  uranium r e s o u r c e  and t h e  

i n e f f i c i e n c i e s  i n  t h e  conduc t  of t h e  program. F i n a l l y ,  I r e j e c t e d  t h o s e  

program o p t i o n s  which p o s t u l a t e d  o m i t t i n g  t h e  C l i n c h  R i v e r  Breeder  

R e a c t o r  (CRBR) P l a n t  b e c a u s e ,  i n  my judgment,  t h e  CRBR o f f e r s  , t h e  most 

t i m e l y  and c o s t - e f f e c t i v e  c o n s t r u c t i o n ,  l i c e n s i n g  and o p e r a t i n g  e x p e r i e n c e  

e s s e n t i a l  t o  t h e  s u c c e s s f u l  comple t ion  of t h e  LMFBR Program. 
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7 .  

environment is best addressed by the program plan entitled "reference plan". 

This plan contemplates construction and operation of the CRBR, a 

On balance, I find that the issue of plant operation in a utility 

Prototype Large Breeder Reactor (PLBR), and a Commercial Breeder Reactor 

(CBR-1) on a schedule which calls for operation for three years of a 

Nuclear Regulatory Commission - licensed CRBR and completion of the design, 
procurement, component fabrication and testing phases for, and 

issu nce by the Nuclear Regulatory Commission of a construction permit for, 

the PLBR prior to a commitment to construct the CBR-l. In my judgment, 

E-  

this schedule should provide sufficient experience in design, procurement, 

component fabrication and testing, licensing and plant construction and 

operation from CRBR and PLBR taken together to enable ERDA to predict with 

confidence the successful construction and operation of the CBR-1. This 

schedule will be periodically re-examined to assure that the experience 

derived from operation of the CRBR and the pre-operation of the PLBR is suf- 

c, 

J ?  

f 11 

li- 

ficient before ERDA commits itself to construction of the CBR-1. Moreover, 

a separate NEPA review of each of these plants will be undertaken on a 

site-specific basis to assure that they are environmentally acceptable 

and are conservatively designed t o  protect the health and safety of the 
1 .  

public and to provide useful information for subsequent environmental, 

economic, and technical assessments. 

8. The base program consists of necessary supporting efforts which 

proceed relatively independently of the plant demonstration program. These 
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efforts focus on the development of advanced fuels and of a fuel 

reprocessing system. Key to these efforts is the design, construction 

and operation of an LMFBR fuel reprocessing hot pilot plant. The FES 

indicates that completion of the design work for this plant and its 

equipment would provide an adequate basis upon which to predict with 

confidence whether a szfe, reliable, and economical LMFBR fuel cycle 

will be developed. 

9. 

safety, safeguards, waste management, health effects, and uranium 

resource availability. In reviewing the programs in each of these 

areas, I find that the controlling item currently appears to be the.[Son- 

struction of and testing in a large scale safety test facility. 

The FES also addresses major uncertainties in the areas of reactor 

WhiJe I L 

the results of these tests are not required to assure the safety of,, 

early demonstration plants, they are required to provide realistic io  

design conservatism for commercial plants. Alternative methods for:, 

conducting these tests are being evaluated, and I will separately make 

a final decision on the conduct of these tests at a later date. 

10. On the basis of the material set forth in the FES, I find that if 

the reference plan and its supporting programmatic efforts are vigorously Q 
pursued, sufficient information would be available as early as 1986 to 

resolve the major uncertainties affecting widespread LMFBR technology 

deployment and therefore to permit an ERDA decision on commercialization 

of that technology. It should be emphasized that availability of the 
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necessary decisional data by 1986 requires the successful and timely completion 

of a large number of interrelated and parallel efforts. Delay in any of 

the aforementioned controlling elements will result in a delay of  the 

decision date. It should be emphasized also that following an ERDA 

decision on commercial!-zation the utility industry and the public would 

have to determine the extent, if any, LMFBR technology would be 

commercially deployed. 

U .  To be meaningful, ERDA's decision on commercialization must be 

made before any commitment to widespread deployment becomes irreversible. 

In ?his connection, I do not find that implementation of the LMFBR Program, 

i as structured above, would constitute an irreversible commitment to 

pread commercial use in 1986. At that time CRBR would have been 

in operation three years, construction would have been largely completed 

he PLBR, and the CBR would still be in the design stage. The level 

5ogram involvement of the industrial sector would be minor compared 

to the investment required to place LMFBR technology in widespread use. 

Moreover, if ERDA were to determine that the problems involved in wide- 

spread deployment could not be resolved satisfactorily, the Nuclear 

Regulatory Commission would almost surely refuse to license LMFBR plants. 
,. 

12. Nor do I find that continuation of the LMFBR Program, as structured 

above, would inevitably short-change the development of other technology 

programs f o r  the long term production and conservation of energy. Indeed, 
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these technological alternatives are receiving substantially increased 

new appropriations and are proceeding as rapidly as possible consistent 

with prudent management. 

13. In conclusion, it must be emphasized that at this stage of LMFBR 

technology development we do not have all the answers necessary to 

determine the environmental acceptability, technical feasibility and 

economic competitiveness of LMFBR technology for widespread commercial 

deployment. 

research, development, and demonstration program. A s  the LMFBR Program 

and its supporting programs continue to evolve and new information is 

generated, ERDA may decide to reorient the structure or pace of the MFBR 

Program or even terminate it altogether. That is why the findings I make 

today must be periodically re-evaluated in the light of new informaticm. 

In any event, at least one additional programmatic environmental statement 

will be prepared and considered prior to any future ERDA decision on the 

commercialization of LMFBR technology. 

calls for the preparation and consideration of such a programmatic 

It is to find these answers that ERDA is continuing the 

The current planning schedule 

statement in 1986. /-- 

b* cS-- 
Robert C. Seamans, Jr. 

Administrator 
I .  

December 31, 1975 
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The a b i l i t y  o f  nuclear energy t o  help meet the Nation's e l e c t r i c  power requirements 
depends upon the continued a v a i l a b i l i t y  a t  reasonable cost o f  the uranium-235 
isotope f o r  the nuclear fuel. However, the re la t i ve  scarci ty o f  t h i s  isotope i n  
natural uranium (0.7%) l i m i t s  t o t a l  energy recovery from current reactor systems 
t o  2% o r  less o f  t h a t  prospectively avai lable from natural uranium. Thus, the 
long-term advantages o f  generating e l e c t r i c i t y  f r o m  nuclear f i ss ion  may be severely 
constrained unless large additional quant i t ies o f  natural uranium are found i n  
nature, o r  unless substantial improvements can be achieved i n  the ef f ic iency o f  
uranium use. The breeder reactor has been looked upon as of fer ing the prospect f o r  
h igh ly  e f f i c i e n t  uranium u t i l i z a t i o n  and a long-term solut ion t o  the continued 
generation o f  low cost e lec t r i ca l  power. 

I t  i s  known that a Liquid Metal Fast Breeder Reactor (LMFBR) can produce enough 
plutonium-239 t o  refuel  i t s e l f  completely. Af ter  10 t o  15 years o f  operation, each 
breeder plant would accumulate su f f i c i en t  surplus plutonium t o  provide start-up 
fuel f o r  another reactor o f  comparable size. 
i n i t i a t i o n  o f  a breeder reactor economy could lead t o  the u t i l i z a t i o n  o f  more than 
60% o f  the t o t a l  energy from uranium. 

I t i s  fur ther estimated that 

Accordingly, a research and development program was i n i t i a t e d  i n  the 1950's and was 
substant ia l ly  expanded i n  the l a t e  1960's t o  develop an LMFBR option which would be 
capable o f  meeting a substantial port ion o f  t h i s  Nation's e l e c t r i c  power require- 
ments. The extent t o  which t h i s  option would be exercised i s  recognized t o  be 
dependent upon i t s  successful development and subsequent endorsement by the u t i  11 ty  
industry and the public. The LMFBR Program had already proceeded through the f i rst 
research and development phase -- demonstration of the f e a s i b i l i t y  o f  breeder 
reactors and confirmation o f  the basic technical aspects -- and was already well  
i n t o  the second phase -- development o f  engineering understanding -- when the 
National Environmental Pol icy Act (NEPA) went i n t o  e f f e c t  on January 1, 1970. NEPA 
has served t o  i ns t i t u t i ona l i ze  important aspects o f  the Governmental decision-makinq 
process by assuring that environmental as well  as other implications are considered 
a t  every stage o f  that  process and by af fording a meaningful opportunity for 
publ ic part ic ipat ion.  The primary mechanism through which the environmental 
factors are considered i s  the preparation o f  an environmental impact statement. 

The Atomic Energy Commission (AEC) had already issued two environmental impact state- 
ments i n  the fas t  breeder reactor area -- one i n  connection wi th i t s  LMFBR t e s t  
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f a c i l i t y ,  the Fast Flux Test Facil ity, ' and one dealing w i th  a conceptual LMFBR 
demonstration plant2 -- when on June 12, 1973, the U. S. Court o f  Appeals f o r  the 
D i s t r i c t  o f  Columbia C i r cu i t  ru led tha t  NEPA requires present preparation o f  an 
environmental statement on the impacts o f  LMFBR technology development. 3 

I n  accordance w i th  Guidelines o f  the Council on Environmental Quality (CEQ) and i t s  
own regulations (10 CFR Part ll), the AEC issued a Dra f t  Statement on March 14, 1974 
f o r  review and conment by Federal, state, and local  agencies; interested environ- 
mental , indus t r ia l  and other organizations; and the general public. Suggestions 
from these groups as to the scope and content o f  the Statement had already been 
so l i c i t ed  by Federal Register Notice of October 4, 1973. A f te r  consideration of 
extensive conments submitted i n  wr i t i ng  and a t  a Public Hearing held on Apr i l  25-26, 
1974, the Statement was prepared i n  f i n a l  form. However, the AEC released i t  i n  
January 1975 as a Proposed Final Environmental Statement (PFES), i n  view o f  the 
forthcoming establishment o f  the Energy Research and Development Administration 
(ERDA) on January 19, 1975, and the rea l i za t ion  tha t  fu ture decisions on such a 
s ign i f i can t  long-term developmental program were properly f o r  ERDA t o  make and tha t  
ERDA would have a d i f f e ren t  perspective than the AEC i n  view o f  ERDA's statutory 
mandates t o  conduct research, development and demonstration programs i n  both 
nuclear and non-nuclear energy sources. 
accordance wi th  the AEC's recomnendation, and w i th  the concurrence o f  CEO, t o  pro- 
vide another round o f  wr i t ten  comnents and another Public Hearing on May 27-28, 1975, 
on the Statement and the LMFBR Program. 

Issuance i n  th i s  form permitted ERDA, i n  

The Public Hearing was conducted by an Internal Review Board which had been 
selected by the Administrator o f  ERDA from senior ERDA o f f i c i a l s *  not  previously 
involved i n  the Statement's preparation. They were requested t o  review the PFES 
and the comments received on i t  and to report t o  the Administrator on whether the 
issues relevant t o  a decision on the LMFBR Program were adequately treated i n  the 
PFES, whether the options i n  the PFES had been adequately evaluated, and whether 
a l l  relevant options had been considered. 

The In ternal  Review Board submitted i t s  Report t o  the Administrator on June 20, 1975. 
That Report concluded that: 

Wr,  Robert W. Fr i ,  Deputy Administrator, Dr .  John M. Teem, Assistant Administrator 
f o r  Solar, Geothermal and Advanced Energy Systems, Dr. James S. Kane, Deputy 
Assistant Administrator f o r  Conservation, Dr .  S. William Gouse, Deputy Assistant 
Administrator f o r  Fossil Energy. 
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. the PFES i s  a su f f i c i en t  factual record f o r  determining whether the LMFBR 
Program should be continued and there are no c lear ly  available and prudent 
al ternat ives t o  a continuation o f  the Program a t  the present t i m e ;  

. the PFES f a i l s  t o  provide a suf f ic ient  basis for a choice among possible 
Program courses which could structure the Program i n  an optimum fashion; 

. the PFES i s  not su f f i c ien t ly  complete o r  accurate wi th  respect t o  several 
matters beari nq upon the environmental acceptabi 1 i ty o f  depl oymnt o f  the 
technology. On the other hand, the record strongly suggests that  the 
unresolved environmental problems and the uncertainties concerning tech- 
nological a l ternat ives are amenable t o  solution, wholly o r  par t ia l l y ,  i n  
the course o f  the ongoing research and development program; 

. ERDA should develop a f i n a l  environmental impact statement incorporatinq 
the PFES by reference and including the fol lowinq speci f ic  additional 
information i n  order t o  ensure that  the record before the Administrator 
i s  adequate f o r  him t o  choose the optimum course f o r  the LMFBR Program: 

. A discussion o f  the sequence of steps, timing, problem def in i t ion  
and methodology o f  the various ongoing studies and programs which 
a re  relevant t o  the environmental and economic acceptabi l i ty  o f  an 
LMFBR industry. 
re1 ated i q u i  r i es  concerning safeguards , waste management and uranium 
resource avai 1 abi 1 i t y  . 

These studies include the LMFBR safety program and 

. An ident i f i ca t ion  o f  the optimal points i n  the LMFBR Program plan 
a t  which the major issues related t o  reactor safety, safequards, 
waste management and uranium resource ava i l ab i l i t y  can be expected 
t o  be resolved. 

. An indicat ion o f  the optional courses o f  action available t o  the 
Administrator i n  s t ructur ing the LMFBR Program, so tha t  a present 
decision can be made on that Program, while a t  the same t i m e  reserving 
for l a t e r  judgment the question o f  whether implementation o f  the 
technology i s  acceptable. 

. A description o f  the minimization concepts l i s t e d  i n  the PFES and 
an assessment o f  the extent t o  which each o f  these can reduce the 
safeguards r i sk .  
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. An ind icat ion o f  the points a t  which re l i ab le  information on a l ternat ive Q 
technologies f o r  the production and conservation o f  energy w i l l  become 
avai 1 ab1 e f o r  fu r ther  considera ti on. 

Upon review o f  the PFES, the wr i t ten  comments and publ ic hearing record, the In ternal  
Review Board Report (which the Administrator adopted) and the wr i t ten views o f  several 
knowledgeable s c i e n t i f i c  and technical indiv iduals outside ERDA* and a f t e r  considera- 
t i o n  o f  the PFES i n  re la t i on  t o  ERDA's comprehensive national energy plan,4 the 
Administrator issued Findings on June 30,  1975. The Administrator found, i n  pert inent 
part, as follows: 

"7. The PFES amply demonstrates the need t o  continue research, development and 
demonstration o f  the LMFBR concept. There i s  no presently available or  prudent 
a l ternat ive t o  t h i s  course o f  action. This technology holds the promise o f  an 
essent ia l ly  inexhaustible source o f  energy t o  sa t is fy  a s ign i f i can t  share of 
t h i s  Nation's energy needs i n  the next century. While LMFBR technology i s  not 
the only technology which may be able t o  sa t is fy  t h i s  objective, s ign i f i can t  
uncertainties concerning t imely a v a i l a b i l i t y  o f  the other major candldates, 
which are solar e lec t r i c  and fusion energy, make i t  r i sky  and imprudent t o  
discard the LMFBR Program on the basis o f  what we presently know. 
too soon t o  confirm w i th  su f f i c i en t  re1 i a b i l i t y  that  these a1 ternate technol- 
ogles w i l l  be avai lable on time and i n  adequate quantity. 
a t  t h i s  time tha t  these options would be environmentally preferable t o  the 
LMFBR technology. Moreover, whi le I do not adopt any par t i cu la r  growth 
projection, including those postulated i n  the PFES, I cannot now discount the 
poss ib i l i t y  tha t  contr ibut ions from a l l  three technologies w i l l  be desirable 
o r  needed t o  meet fu ture energy demands. The possible needs are such, and the 
promise o f  energy from inexhaustible sources so great, tha t  a l l  three technol- 
ogies must be pursued on a p r i o r i t y  basis. 

It i s  simply 

It i s  speculative 

"8. I n  the l i g h t  o f  these considerations, only a demonstration that  the LMFBR 
can not be developed as a safe, environmentally sound and economically 
competitive energy source would j u s t i f y  a decision t o  discontinue the program. 
The record before us does not so indicate. I adopt the conclusion o f  the PFES 
and the Review Board tha t  the s ign i f i can t  problems ident i f ied  i n  the LMFBR 
concept may be solved by a continuation o f  the Wogram. 

%lr. Walter H, Zlnn, a consultant and former Combustion Engineering, Inc. executive, 
Dr. A lv in  fl. Weinberg o f  the I n s t i t u t e  for  Energy Analysis and former Director o f  
the Oak Ridge National Laboratory, M r .  Donald B. Rice, Prejfdent o f  the Rand Corp., 
and Dr,  Cyril L, Comar, Director o f  the Environmental Assessment Department, 
E lec t r i c  Power Research Ins t i tu te .  
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"9, 
including in particular those related to reactor safety, safeguards , health 
effects, and waste management, remain unresolved at this time. 
resolved satisfactorily before any decision may be made to place LMFBR's into 
widespread commercial use. 
and demonstration are needed to resolve these matters and that the PFES as it 
stands is not and cannot be a conclusive or satisfactory assessment of the 
environmental impact of a fully commercialized breeder reactor industry. 
Continuation of the research, development and demonstration program does not 
prejudge any decision concerning the conimercialtzation of this technology. I 
concur with the Board that while these two questions are related, they can be 
separated from each other. 
this time would not lead inexorably or irresistably to a full 'breeder economy,' 
if further work were to demonstrate that the problems of the breeder cannot 
be resolved. 
Breeder Reactor (CRBR) project,* an integral part of the Program, is tanta- 
mount to widespread commercialization. As a practical matter, NRC would 
almost surely refuse to license breeder reactors if there were an ERDA finding 
that major problems were unresolvable. At the same time, as indfcated above, 
NRC (unlike the former AEC) would be in no way bound by an ERDA environmental 
impact statement or an ERDA recomnendation that the technology was ready for 
commercial use. Nor do I find that continuation of the program at this time 
would inevitably short-change the other technologies we must develop. 
these other programs are receiving substantially increased new appropriations 
and are proceeding as rapidly as possible consistent with prudent management 
and efficient use of public monies. 

At the same time, these significant problems, as identified by the Board, 

They must be 

I concur with the Board that research, development 

I find that continuation of the LMFBR Program at 

Specifically, I do not find that completion of the Clinch River 

Indeed, 

"10. 
the current developmental program to be sure that it is most efficiently 
structured to solve the problems that need solution. A major weakness of 
the PFES is that aside from termination no alternatives are presented to 
continuing the program precisely as set forth in the PFES. As Administrator, 
I need to consider alternative methods of conducting the program to be sure 
that - 

It will be necessary over the next few months to carefully reexamine 

(a) the research, development and demonstration activities are properly 
directed to resolve the remaining technical, environmental, and economic 
issues in a definitive and timely way; 

%It is noted that the CRBR is subject to a separate site-specific environmental 
impact statement, which will be issued in connection with the application for 
licensing of the demonstration plant. 
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(b) these issues are resolved before a final decision concerning the 
acceptability of commercial deployment is made; and 

(c) test and demonstration facilities that are needed in the LMFBR 
Program are conservatively designed to protect the health and safety 
of the public and to provide useful information for subsequent 
environmental, economic, and technical assessments. 

"11. The PFES will be supplemented or amended, as appropriate, to reflect these 
conclusions and provide the information called for above. The resulting docu- 
ment, which will constitute ERDA's Final Environmental Statement and complete 
the NEPA process on this action, will be issued within approximately three 
months. 
of authorization reflected in Congressional action on the budgetary proposals 
ERDA has recently submitted. Because the CRBR Project has been substantially 
delayed, this decision entails no environmentally irreversible action during 
this period and for substantially more than thirty days after the Final State- 
ment is issued. 

Meantime, the Program will be carried forward at the rate and level 

"12. 
and demonstration program as it develops. 
to make a determination whether commercial deployment of the LMFBR concept is 
warranted, although it is also true that no commercialization is possible with- 
out favorable licensing action by NRC. Accordingly, as the program develops 
and significant new information pertinent to the commercial deployment issue 
is generated, ERDA will update the existing Environmental Statement or prepare 
a Supplement to it, or even a new Statement, as may be appropriate and con- 
sistent with the National Environmental Policy Act. On the basis  of this 
updated record, together with the periodic revision of the LMFBR Program, and 
the annual updating of the Comprehensive Energy Research and Development Plan, 
ERDA will subsequently evaluate the environmental acceptabll ity and economic 
feasibility of widespread commercial use of LMFBR's. To be meaningful, this 
consideration will take place before any commitment to widespread commercial 
use becomes irreversible. At the same time, ERDA will pursue, as vigorously 
as resul t-oriented management will permit, programs f o r  long-term energy tech- 
nologies that can be evaluated by this agency, the Congress, and the mrket- 
place as alternatives or supplements to breeder reactors.'' 

ERDA will maintain continuing scrutiny on the LMFBR research, development 
ERDA clearly has the responsibility 
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I n  short the Administrator found tha t  the PFES was adequate to detennine that  the 
LMFBR Program should continue, tha t  additional information was necessary i n  an FES 
to  presently detennine the structure and pace o f  tha t  Program, and tha t  a t  least  
one addit ional NEPA review would be undertaken before ERDA could make a decision on 
the acceptabi l i ty  o f  widespread comnercial deployment of LMFBR technology. 

The Final Environmental Statement (FES) has been prepared i n  accordance w i th  the 
instruct ions conveyed i n  the  Administrator's Findings 

The Sumnary contains a b r i e f  account o f  the additional information (Sections 
I and 111) found necessary by the Administrator t o  complete the present 
NEPA review. 

Section I focuses on the Administrator's requirement for an analysis o f  
the range o f  options avai lable f o r  s t ructur ing the LMFBR Program and the 
compat ib i l i ty  o f  those options w i th  the timely resolut ion o f  the major 
environmental issues involved i n  widespread commercial LMFBR deployment. 

Section I 1  incorporates the PFES by reference t o  the extent consistent 
w i th  the Administrator's Findings o f  June 30, 1975. 

Section I11 contains a detai led discussion o f  the major environmental issues, 
a review o f  uranium resource ava i l ab i l i t y ,  an analysis o f  the key decision 
points i n  the development o f  major alternatives t o  the LMFBR, a compilation 
o f  substantive revisions t o  the t e x t  o f  the PFES, and supplemental material 
i n  areas requir ing updating o f  the PFES (e.g., cost-benefit analyses). 

Section I V  includes the Administrator's Findings as well as copies o f  the 
reports pert inent t o  the Administrator's evaluation o f  the PFES. 

Section V contains copies o f  the 88 l e t t e r s  received i n  response 
t o  requests f o r  comnents on the-PFES and the ERDA responses to  
each le t te r .  

I n  order t o  be responsive to the Court's decision and to r e f l e c t  the broad and 
balanced approach to energy research and development which i s  ERDA's unique mission, 
the FES taken as a whole attempts to describe the reasonably foreseeable environ- 
mental, social, technological and economic costs and benefi ts o f  a prospective 
mature LMFBR econonly ( to  determine i f  i t  i s  desirable t o  continue t o  pursue a pro- 
gram of research, development and demonstration of the LMFBR concept), the 
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potentially available alternatives to such a mature LMFBR economy and their 
reasonably foreseeable costs and benefits, and the alternative ways of structuring 
a research, development and demonstration program to resolve the issues involved in 
widespread commercial MFBR deployment. 

This is the first environmental impact statement which attempts to address in a 
comprehensive manner the potential future impacts of a prospective, large-scale 
source of electric energy still under development. The detailed visualization of 
an industry involving plants and facilities that have not yet been designed is 
extremely difficult. Major reliance has been placed, therefore, on analogies to 
the existing nuclear fission industry, and an evaluation has been made of the 
reasonably foreseeable environmental effects that would result from construction 
and operation of model plants in the LMFBR fuel cycle -- the breeder reactor power 
plant, the fuel fabrication plant, the fuel reprocessing plant, and the waste 
storage and disposal facilities -- plus the transportation of fuel and radioactive 
material between these plants and facilities. 
this stage in the research and development program to determine in a precise manner 
the environmental effects of  LMFBR fuel cycle operations. 
the FES contains values that are purposely conservative, but it is one of the 
main purposes of the extensive research and development program currently underway 
to develop information necessary to evaluate the environmental effects more 
precisely. 
and on the specifdc facility designs which are not yet available at this stage of 
the research and development program. 
environmental impact assessment based on a specific plant site, on the specific 
design of the plant, and on the plant's interactions with other parts of the fuel 
cycle will be performed for each LMFBR plant or fuel recycle facility to be built 
in the future. Moreover, ERDA will prepare one or more additional program state- 
ments prior to making a decision with respect to the acceptability of widespread 
commercial deployment of LMFBR technology. It is anticipated that the information 
will be available for ERDA to be in a position to make such a decision as early as 
1986. 
will be taken until such a program statement has been prepared and considered. 

Obviously, it is not possible at 

In these circumstances 

Furthermore, many of the operational effects are dependent on the sites 

Indeed, it must be emphasized that an 

No irreversible course of action towards widespread commercial deployment 
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SUMMARY 

1. INTRODUCTION 

This section sutmnarizes the fol lowing addit ional material included i n  the Final 
Environmental Statement i n  response to the Administrator's d i rect ion as set  f o r t h  
i n  h is  Findings on the Proposed Final Environmental Statement (see Section I V  A): 

An analysis o f  the range o f  options avai lable t o  the Administrator f o r  
structur ing the LMFBR Program (Section I .3) 

An analysis o f  the major environmental issues involved i n  widespread 
LMFBR deployment (Section 111) and the compat ib i l i ty  o f  the milestones 
for resolut ion of those issues wi th  LWFBR Program milestones (Section 
I .4) 

A review o f  uranium resource a v a i l a b i l i t y  (Section I11 E) 

A summary of the key decision points i n  the development o f  the major 
al ternat ives t o  the LMFBR, i.e., so lar  e l e c t r i c  and fusion technology 
(Section I11 H) 

2. 

I n  accordance wi th  the Administrator's direct ion,  supplemental material has beem 
provided on each o f  the subjects l i s t e d  above. The decision points a t  which the 
Administrator can make a determination on the acceptabi l i ty  o f  the LMFBR technology 
f o r  widespread comnercial deployment have also been ident i f ied.  These program 
decision points rest in turn on decision dates f o r  three key program elements -- 
plant  experience, base program and environmental issues -- f o r  each o f  the 
a l ternat ive program plans analyzed. 
determination, a l l  three program'elements must receive s u f f i c i e n t  at tent ion to 
permit confident predict ion tha t  the technology w i l l  be avai lable when required. 

I n  the case o f  p lant experience i t  i s  believed tha t  three years o f  operation a f t e r  
c r i t i c a l i t y  o f  e i ther  the Clinch River Breeder Reactor Plant (CRBRP) o r  a larger 
LMFBR i s  necessary to  develop the necessary confidence i n  the safety, r e l i a b i l i t y  
and maintainabi l i ty  o f  a breeder reactor system. The pacing item f o r  the base 
research and development program i n  each plan i s . t h e  demonstration o f  the fuel  
recycle technology (see Section 1.3.4). The pacing items f o r  the four environmental 

issues ident i f ied by the Administrator as requir ing fur ther resolut ion vary wi th  

ADMINISTRATOR'S DECISION POINTS ON LMFBR TECHNOLOGY 

I n  order f o r  the Administrator to make h is  
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the issue. The program i n  e f fec t  f o r  each o f  the four  issues i s  structured to  
supply su f f i c i en t  information for the Administrator to be able to make h i s  
determination on the acceptabi l i ty o f  the LMFBR technology f o r  widespread 
deployment by 1986. 

3. ALTERNATIVE LMFBR PROGRAM PLANS 

The Administrator requested tha t  alternatives to the present LMFBR Program be pre- 
sented for h i s  consideration i n  order to assure tha t  the current development program 
i s  structured so as to resolve the issues relevant to a decision on the widespread 
comercia1 deployment o f  LMFBR technology. 
alternatives to  the current (reference) plan were examined. Although the major 
program ef fects  are produced by changes i n  the timing and number o f  demonstration 
and large prototype reactor plants, as well as speci f ic  key fac i l i t i es ,  the 
a1 ternative plans represent s ign i f i can t  changes i n  strategy. 

I n  response to  th i s  request seven 

Review o f  the base research and development program has revealed tha t  the cont ro l l ing  
element i n  the program i s  the development o f  a technical ly and economically adequate 
fuel reprocessing system. By 1986 a l l  the design work f o r  a LMFBR fuel reprocessing 
hot p i l o t  p lant  and i t s  equipment should be f inished and construction should be 
well along. 
support, t o  a conceptual comnercial p lant  study and t o  large scale component devel- 
opment and testing. These combined a c t i v i t i e s  w i l l  provide data from which ear ly  
projections o f  LMFBR fuel cycle economics and overal l  breeder power p lant  potential 
f o r  c o m r c i a l  i za t ion  can be assessed. 

I n  addition, industry should be making contributions, wi th  ERDA 

It has been concluded tha t  an adequate basis w i l l  ex i s t  t o  predic t  the successful 
completion o f  a safe, rel iable, and economical fue l  cycle by 1986. A t  tha t  time 
equipment design, development, and co ld engineering operation w i l l  have been com- 
pleted, the hot p i l o t  p lant  w i l l  be i n  the f i n a l  stages o f  construction, and 
reference chemical processing methods w i l l  have been ver i f ied.  Operation of the 
hot p i l o t  p lant  w i l l  provide valuable s t a t i s t i c a l  information to  permit engineering 
tradeoffs leading t o  economies i n  the process establishment o f  the large scale 
material balances, and w i l l  serve as an experience base f o r  the construction and 
operation o f  f u l l  scale reprocessing plants. I t  w i l l  serve as a key f a c i l i t y  f o r  
evaluation and f o r  demonstration o f  improvements i n  fuel reprocessing techno 
Although information developed f r o m  operation o f  the hot p i l o t  plant w i l l  be 
important f o r  design o f  the optimum fuel  recycle p lant  and i t s  economics, i t  

considered necessary for t h i s  information to  be developed p r i o r  t o  the decis 

acceptabi l i ty o f  LMFBR technology f o r  widespread comnercf a1 deployment. 
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‘ u  Another key element o f  the base research and development program i s  the development 
o f  advanced LMFBR fuels. The fue l  development program objective i s  t o  provide a 
range o f  fue l  options, so that  the reactor designer can make a selection i n  1986. 

The reference program plan i s  founded upon a strong R&D base program wi th  prototype 
test ing and fuel cycle development as key elements. 
plant, the Clinch River Breeder Reactor Plant (CRBRP), and a Prototype Large Breeder 
(PLBR) i n  order t o  permit gradual extrapolation i n  size from the Fast Flux Test 
F a c i l i t y  (FFTF) t o  the f u l l  size LMFBR i n  accordance wi th  good engineering practice. 
The program i s  designed to  permit construction o f  the f i r s t  Comnercial Breeder 
Reactor (CBR-1) i n  t i m e  f o r  c r i t i c a l i t y  i n  1993. The base research and development 
program i s  focused t o  resolve the key program element issues by 1986, before con- 
s t ruct ion o f  CBR-1 i s  i n i t i a ted .  

It includes a demonstration 

The a l ternat ive program plans t o  the reference plan which were considered are: 

. Plan 1 - The reference case without the Clinch River Breeder Reactor 
P1 ant (CRBRP) . 

. Plan 2 - The reference case w i th  the CRBRP but wi th  a change i n  
strategy away from prototype test ing. 

. Plan 3 - A case resul t ing i n  moderate delay o f  the introduction 
O f  CBR-1. 

. Plan 4 - A case resu l t ing  i n  moderate acceleration o f  the i n t ro -  
duction o f  the CBR-I. 

. Plan 5 - A h igh ly  accelerated case which includes the CRBRP but  
eliminates prototype large plants. The base technology program 
i s  reduced. 

. Plan 6 - A h igh ly  accelerated case which eliminates the CRBRP as 
well  as the prototype large plants, accelerates the program, and 
re l i es  heavily on foreign experience. 

Plan 7 - A sequential case which resul ts  i n  extensive delay i n  
the introduction o f  the CBR-1. 

. 
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For each case the overal l  benefits,* costs and r i sks  were calculated and compared 
to those o f  the reference program. 

The plan without the CRBRP (Plan 1) involves a slippage i n  schedule o f  two years i n  
the PLBR-1 and CBR-1 projects. The disadvantages involved i n  th i s  approach re la te  
d i rec t l y  to the loss o f  experience which would have been gained f r o m  construction, 
licensing, and operation o f  the CRBRP. The two year delay occurs because o f  a) the 
demobilization o f  the engineering teams (both reactor design and component vendors); 
b) the refocusing o f  the base technology and safety programs t o  obtain the necessary 
supporting data to permit the large extrapolation to  fu l l - s i ze  LMFBRs; c) delays 
i n  obtaining s t a t i s t i c a l  fuel performance, breeding r a t i o  and core performance 
data; d) greater d i f f i c u l t i e s  and delays i n  achieving resolut ion o f  l icensing 
problems without going through the experience o f  l icensing the CRBRP; and 
e) increased construction time. The two year delay i n  reaching CBR-1 c r i t i c a l i t y  
( f r o m  1993 t o  1995) resul ts  i n  a $6 b i l l i o n  discounted loss i n  benefi ts derived 
from the LMFBR Program. The cost o f  the program i s  $1.7 b i l l  i on  less than the 
reference case. 
greater government support f o r  PLBR-1 than ca l led f o r  i n  the reference plan. 

The increased r i s k  resu l t ing  f r o m  t h i s  plan would probably require 

A change i n  the program f r o m  the reference plan t o  Plan 2 represents a s ign i f i can t  
change i n  philosophy and strategy f o r  conducting the program. 
Plant Component Test F a c i l i t y  (PCTF) i s  not  constructed and the LMFBR Program i s  
sh i f ted  away f r o m  the program philosophy o f  designing, developing and test ing o f  
large scale components i n  non-nuclear f a c i l i t i e s  p r i o r  t o  manufacture and inser t ion  
i n  a reactor plant. Plan 2 therefore represents a higher r i s k  case i n  tha t  design 
errors o r  performance defects must be corrected a f t e r  i ns ta l l a t i on  i n  the p lant  
and could s ign i f i can t l y  delay useful operation o f  the plant. 
i s  a high r i s k  that, because o f  unforeseen problems i n  PLBR-I, construction o f  CBR-1 
would be delayed beyond the date shown i n  the Plan 2 schedule. Moreover, the base 
program i s  no longer expected to  provide t e s t  information on f u l l  scale components. 
These higher r i sks  could o f  course be o f f se t  i f  industry were t o  decide to b u i l d  
a t e s t  f a c i l i t y  and t e s t  large scale components. The delet ion o f  PCTF f r o m  the 
program resulted i n  a decrease o f  $290 m i l l i o n  i n  d i rec t  program costs but resulted 
i n  increased r i sks  t o  the program estimated to be i n  the range o f  $500-$1000 mi l l ion .  
The benefi ts to the Nation are ident ica l  t o  the reference case since no perturbation 
i n  CBR-1 schedule i s  assumed but  successful completion o f  the program i n  the saw 
time period does not have as high a degree o f  assurance as the reference plan. 

I n  th i s  case the 

I n  addition, there 

'*Benefit f s  defined as the power cost savings t o  the Nation resu l t ing  from the 
generation o f  e l e c t r i c i t y  by the LMFBR. 
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Two of the program plans evaluated the effects of delaying the reference plan. 
Plan 3 considered the effect of a moderate delay in the LMFBR Program resulting in 
a 3-year delay in CBR-1 criticality. This strategy decreased the risks in the 
program by increasing the amount of information transferred from CRBRP to PLBR-1 
and similarly from PLBR-1 to CBR-1. The result of this program strategy was to 
reduce the direct program costs by $720 million, mainly because the LMFBR target 
costs (economic parity with LWR costs)* are greater. However, the delay of three 
years in CBR-1 introduction would decrease the benefits derived from the LMFBR by 
as much as $9 billion. 

Plan 7 reviewed the effects of a more extensive delay in the program. This plan 
adopted a sequential strategy in which initiation of each successive project is 
delayed until the preceding project has been in operation a year. Although the 
increase in LWR economic target costs as a consequence of this delay resulted in a 
$2.85 billion reduction in direct program costs, the delay resulted in a 19 year 
lag in criticality for CBR-1 when compared to the reference case, practically 
eliminating LMFBR benefits through the year 2020. This plan was proposed in an 
effort to maximize data transfer from one plant to the next and thereby reduce risks. 
However, the constant mobilization and demobilization of reactor design, engineering 
and construction teams with the attendant losses of skilled experienced personnel 
vitiates much o f  this apparent gain. 

The alternative program review also studied three options in which the program was 
accelerated to different degrees. 
acceleration in the reference program, advancing the introduction o f  CBR-1 by three 
years--from 1993 to 1990. The PCTF is eliminated and a second prototype large 
breeder, PLBR-2, is added to gain additional plant and component experience 
necessary to assure successful early introduction of CBR-I. 
increased $640 million, but the benefits increased as much as $9 billion because 
of early introduction of the LMFBR. The'risks of accelerating the program in this 
manner (e.g,, increased chance of delay in licensing, and less reliable systems and 
components) are considered to reduce these benefits to a substantial degree (up 
to $600 million in added component .failure risk alone). 

Plans 5 and 6 represented rapid-accelerations in the program leading to introduc- 
tion of CBR-1 five years earlier (1988 instead of 1993) than the reference case date. 

%See Section 1.3 for discussion of 'economic target costs. 

Plan 4 considered the effect of a moderate 

The program cost 

Briefly, these are the 
differences between the costs for.LWRs-and the expected larger costs for early 
LMFBRs. These costs would need to be absorbed by industry and/or government to 
bring these early LMFBRs on line on a cost competitive basis. 
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These cases were postulated t o  study the ef fects  o f  rap id acceleration o f  the LMFBR 
program. 
impractical acceleration i n  the research and development program, permit l i t t l e  or 
no transmission o f  experience from pro ject  t o  pro ject  and transfer much o f  the 
r i s k  inherent i n  the LMFBR program from the government to  the pr ivate sector--a 
r i s k  not l i k e l y  to  be accepted by industry. 
program strategies i f  they could be successfully prosecuted would be to  increase 
the program costs f r o m  $4 to $5 b i l l i o n  dol lars  while the benefits would increase 
by up to $15 b i l l i o n  because o f  ear ly  introduction o f  the CBR-1. 

These plans cannot be considered as viable since they would require 

Nevertheless the e f fec t  o f  these 

I n  essence, Plan 5 would eliminate the PLBR phase and s t a r t  design o f  CBR-1 f i v e  
years before CRBRP goes c r i t i c a l .  Thus, CBR-1 would be well i n  the construction 
phase be!fore CRBRP could provide any operational information. The transmission o f  
experience from CRBRP t o  CBR-1 would therefore be minimal. I n  addition, the PCTF 
would be eliminated f r o m  the program, increasing the r i sks  as discussed under 
Plan 2. 

Plan 6 goes fur ther  and examines the s i tua t ion  i n  which both CRBR and PLBR-1 as w e l l  
as PCTF are eliminated f r o m  the program and only FFTF experience would be availab?e 
to the designers and constructors o f  CBR-1. 
heavily on foreign technology including the use o f  foreign components. This would 
reduce to a large extent the benefi ts gained from involving the U.S. industry closely 
i n  the program. 

It would o f  necessity have to rely 

With regard to the higher r i s k  involved i n  the accelerated cases, i t  i s  conceivable 
that  i n  order to  achieve any benefi ts o f  accelerating the program as shown i n  plan 4 
o r  5, o r  i n  proceeding d i rec t l y  to a commercial p lant  as i n  plan 6, the government 
might have to  provide guarantees on the completion o f  the fue l  cycle. 

4. TREATMENT OF UNRESOLVED ENVIRONMENTAL ISSUES 

a. Safety Program 

The LMFBR safety program i s  o f  s ign i f i can t  importance to  the breeder 
reactor development e f fo r t .  
experience has been gained t o  allow the design o f  LMFBRs wi th  the 
conservatism necessary to meet l icens ing requirements. However, there 
exists enough uncertainty i n  r e c r i t i c a l i t y  energetics, l i m i t i n g  core 
involvement, radiological source terms and containment features t o  
warrant a requirement f o r  excessive conservatism i n  design features 
to compensate f o r  these uncertainties i n  know1 edge. 

Suf f i c ien t  analyt ical and experimental 
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There are two acceptable courses f o r  dealing wi th  these issues. One i s  
t o  r e l y  upon the experience gained as successive plants are designed, 
b u i l t  and operated to gradually eliminate the uncertaint ies and remove 
the excessive conservatism i n  design. The other course i s  t o  mount a 
safety program to resolve these uncertaint ies i n  a minimum amount o f  
t i m e  and thus maintain the LMFBR design on a sound basis wi th  regard 
to safety without unnecessarily conservative design features. The 
second course has been used i n  the analysis o f  a l l  the a l ternat ive 
LMFBR Program plans. 

The discussion i n  Section I11 B and the analysis provided i n  Section I.4A 
indicate tha t  the issues could be resolved on a more expeditious basis 
wi th  the addit ion o f  a Safety Research Experimental F a c i l i t y  (SAREF) t o  
current ly ex is t ing safety f a c i l i t i e s .  With SAREF, confirmation o f  
analyt ic and experimental data r e l a t i v e  t o  the ex is t ing safety uncertain- 
t ies  could be resolved by 1986. Thus comnercial reactors f o r  which design 
s ta r ts  i n  1986 o r  la ter ,  could be constructed without unnecessary con- 
servatism i n  safety design. 

b. Waste Management Program 

The major waste management issue i s  the unavai lab i l i ty  o f  an accepted 
method f o r  removing and segregating high-level and transuranium radio- 
act ive wastes f rom man's environment f o r  the long t i m e  periods required 
for  these wastes to  decay to safe levels. Because o f  th is,  i t  has been 
suggested that the LMFBR Program should be delayed u n t i l  a d e f i n i t i v e  
method f o r  permanent disposal o f  high-level radioactive wastes has been 
established. This problem i s  not unique to the LMFBR fuel  cycle but 
must be resolved f o r  the LWR o r  other nuclear fuel  cycles before there 
i s  a requirement f o r  disposal o f  high-level and transuranium wastes fo r  
the LMFBR fuel cycle. 

The key element o f  the waste management program which has a bearing upon 
the LMFBR fuel cycle i s  the a v a i l a b i l i t y  o f  a geologic disposal p i l o t  
plant. Programs are  underway to  develop such a p lan t  for demonstrating 
safe geologic disposal by 1983, wel l  i n  advance of requirements f o r  the 
LMFBR Program, t o  meet the requirements associated wi th  the LWR fuel  
cycle and the wastes resul t ing from the production o f  nuclear weapons. 
Since disposal o f  high-level radioactive waste from LMFBR fuel  repro- 

cessing plants w i l l  not be required u n t i l  12 years a f t e r  start-up o f  an 
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LMFBR, the e a r l i e s t  t i m e  tha t  a geologic disposal f a c i l i t y  would be 
required f o r  high-level wastes would be i n  1999 f o r  the prototype large 
breeder, o r  the year 2000 f o r  the f i r s t  commercial breeder. However, a 
geologic disposal f a c i l i t y  could conceivably be needed as ear ly as 1996 
f o r  disposal o f  s ign i f i can t  amounts o f  transuranium wastes associated 
w i th  the LMFBR fuel  cvcle. 
disposal p i l o t  p lant  might be converted t o  a f u l l - s i z e  f a c i l i t y  if i t  
proves successful, there does not appear t o  be any constraint on the 
LMFBR Program imoosed by disposal requirements f o r  high-level o r  
transuranium radioactive wastes. 

Since i t  i s  expected t h a t  the qeologic 

c. Safeguards Program 

The basic mission o f  the ERDA safeguards program i s  t o  develop and design 
cost-effect ive systems f o r  a l l  fuel  cycle f a c i l i t i e s  and transport. 

'Credible appl icat ion t o  a pa r t i cu la r  future fuel cycle o f  technologies 
and methodologies which  evolve from the safeguards development program 
requires firm information on the character ist ics of future fue l  cycle 
f a c i l i t i e s ,  i n  pa r t i cu la r  the reactor plants and the fue l  fabr icat ion 
and reprocessing f a c i l i t i e s .  
safeguards systems can be synthesized, t h e i r  effectiveness can be 
evaluated, and a manaqement decision can be made. 

Given t h i s  k ind  o f  information, feasible 

Safeguards development includes consideration o f  measures which can be 
taken t o  minimize o r  reduce the harmful consequences o f  postulated 
successful adversary actions aaainst a fuel  cycle. Section I11 C 

discusses a number o f  such measures, and indicates an approach t o  
determining t h e i r  effectiveness i n  reducing overal l  r i sks .  

I t  i s  prudent tha t  a safeguards development program also make provision 
f o r  long-term demonstrations o f  the safeguards techno1 ogies and systems 
projected f o r  widespread use, i n  order t o  provide f o r  continuing assessment 
o f  t h e i r  effectiveness i n  a commercial environment. 
strat ions should be o f  considerable value i n  r e f i n i n g  predict ions and 
judgments, they are no t  prerequis i te t o  a management decision on the 
safeguards-related acceptabi l i ty  of a comnercial fuel  cycle f o r  the future. 

The ERDA program for LMFBR safeguards described i n  Section I11 C i s  
configured t o  provide the information necessary for a management decision 

Although such demon- 
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1 
i n  the early to  mid-l980's, wi th  long-term demonstrations s ta r t i ng  
throughout the 1980's. This timing applies t o  7 of the 8 LMFBR Program 
plans which have been examined. 
date i s  1995 because design information on large LMFBR reactor plants i s  
not avai lable u n t i l  much l a t e r  i n  that  case. 

I n  the case o f  plan 7, the decision 

d. Health Effects Program 

The primary health ef fects issue f o r  the LMFBR Program i s  the evaluation 
o f  the potential hazard resul t ing from the use o f  plutonium. It should 
be noted that  the t o x i c i t y  o f  plutonium had been recognized long before 
the outset o f  the LMFBR Program, and extraordinary measures have been 
taken to  iso la te plutonlum from the environment. I n  the absence o f  any 
s ign i f icant  observed human health ef fects which can be related to  plu- 
tonium exposure, a variety o f  extensive biomedical studies are being 
conducted i n  order to define both ef fects and mechanisms resul t ing f r o m  
the internal  deposition o f  alpha-emitting radionuclides such as plutonlum. 
It i s  not r e a l i s t i c  t o  attempt t o  project  a f ixed point  i n  time a t  which 
the ent i re  plutonium t o x i c i t y  issue w i l l  be de f i n i t i ve l y  resolved to  
everyone's satisfact ion. However, a major program i s  underway to  obtain 
additional. information on plutonium tox ic i ty .  The data base i s  constantly 
expanding and various components o f  the studies are expected to be 
completed over the next 3 to 20 years. 

A major point  o f  contention raised i n  comnents on the PFES has been the 
"hot par t ic le"  hypothesis. Some individuals have predicted that  "hot 
part icles' '  deposited i n  the lung might lead to greater cancer r isks than 
those predicted using comnonly accepted methodology. 
Sc ien t i f i c  Laboratory, the National Council on Radiation Protection and 
Measurements, the National Radiatipn Protection Board o f  the United 

I 
Kingdom, and the Medical ResearchjCouncil o f  the United Kingdom have 
independently analyzed the "hot par t ic le"  hypothesis, and each has found 
i t  unsupportable. The National Academy o f  Sciences i s  also examining 
th i s  hypothesis a t  the request o f  both ERDA and EPA, and the resul ts o f  
i t s  study are expected i n  the near future. Animal, studies o f  the "hot 
par t ic le"  hypothesis should be completed i n  5-10 years, leading to ant i -  
cipated resolut ion o f  t h i s  matterjby 1985. 

The Los Alamos 

1 
t 
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5. AVAILABILITY OF INFORMATION FOR ADMINISTRATOR 'S DECISION POINTS 

Tab le  S-1 p r e s e n t s  p o s s i b l e  d e c i s i o n  d a t e s  for  t h e  t h r e e  key program e lements  
desc r ibed  above -- p l a n t  experience, b a s e  program and environmental  issues -- f o r  
t h e  r e f e r e n c e  program and the seven a l t e r n a t i v e  program p l a n s  analyzed. 
d e s c r i b e d  above, i n  o r d e r  for  t h e  Admin i s t r a to r  t o  make his de te rmina t ion ,  a l l  
t h r e e  program e lements  must have r e c e i v e d  s u f f i c i e n t  a t t e n t i o n  t o  p e n n i t  con f iden t  
p r e d i c a t i o n  t h a t  t h e  technoloqy will be a v a i l a b l e  when r equ i r ed .  
t h a t  Table  r e v e a l s  t h a t  t h e  d e c i s i o n  d a t e  v a r i e s  from p lan  t o  p l an  and t h e  c o n s t r a i n t s  
on t h e  d e c i s i o n  a l s o  vary.  The y e a r  i n  which s u f f i c i e n t  i n fonna t ion  is  a v a i l a b l e  
t o  pe rmi t  t h e  Admin i s t r a to r  t o  make h i s  d e c i s i o n  for  each o f  t h e  programs cons ide red  
is  l is ted i n  Table  S-2. I t  can b e  seen t h a t  the re fe rence  p l an  and a l t e r n a t i v e  
p l a n s  2 ,  4 and 5 p e n n i t  t h e  earliest d a t e  -- 1986 -- i n  which the Admin i s t r a to r  
can de termine  t h e  a c c e p t a b i l i t y  of LMFBR technology f o r  widespread  commercial 
deployment. 

As 

Inspec t ion  of 

6. URANIUM RESOURCE EVALUATION 

The q u e s t i o n  of how much r e l a t i v e l y  h igh  g rade  uranium ore may e x i s t  and e v e n t u a l l y  
b e  d i scove red  i n  t h e  U.S. is  n o t  of g r e a t  importance t o  t h e  LMFBR per se, because 
t h e  c u r r e n t l y  a v a i l a b l e  resource I s  a l r e a d y  s u f f i c i e n t  to  s u p p o r t  a l a r q e  LMFBR 
i n d u s t r y  for  o v e r  a century .  
a r i s e s ,  however, a s  a r e s u l t  of c o n t e n t i o n s  t h a t  t h e  LMFBR is n o t  needed, or a t  
l e a s t  n o t  needed u n t i l  sometime i n  t h e  nex t  cen tu ry .  

The q u e s t i o n  of t h e  e x t e n t  o f  uranium resources  

B a s i c a l l y ,  i t  i s  arqued t h a t  EROA e s t i m a t e s  q m s s l y  u n d e r s t a t e  p o t e n t i a l  uranium 
resources  because  t h e y  a r e  based on in fonna t ion  qa the red  on ly  from western  
producing  a r e a s  and t h e i r  e n v i r o n s ,  which, c o n s t i t u t e  o n l y  a f r a c t i o n  of I1.S. l a n d  
a r e a s .  I t  is contended t h a t  an abundance o f  economic uranium exists and i s  
awa i t ing  d i scove ry  i n  t h e  r e l a t i v e l y  unexplored reqions of t h e  U.S. On #is b a s i s ,  
i t  is  presumed t h a t  U.S. uranium resources  a r e  s u f f i c i e n t  t o  suppor t  needed growth 
i n  non-breeder  reactor c a p a c i t y  through t h e  end o f  t h e  c e n t u r y  and beyond, a t  which 
time a l t e r n a t i v e  sou rces  o f  electricity (e.g. ,  s o l a r  or f u s i o n )  may b e  a v a i l a b l e  
i n  l i e u  of t h e  LMFBR. 

E R D A ' s  Nat iona l  Uranium Resource Eva1 ua t ion  program (NURE - d i scussed  i n  Sec t ion  
I11  E of t h i s  Volume) which has  been i n  p roqres s  for  abou t  two y e a r s ,  is  des iqned  
t o  p rov ide  a s y s t e m a t i c  and comprehensive su rvey  o f  t h e  conterminous United S t a t e s  
and Alaska by 1980. Within t h e  c a p a b i l i t y  of t h e  c u r r e n t l y  a v a i l a b l e  e x p l o r a t o r y  
t echn iques ,  NURE i s  expec ted  t o  i d e n t i f y  l o c a l i t i e s  i n  t h e  U.S. which appear 
f a v o r a b l e  for i n t e n s i v e  uranium e x p l o r a t i o n  ( d r i l l i n q ) ,  and t o  provide  a t  l e a s t  a 
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Table S-1 

KEY PROGRAM ELEMENT DECISION DATES 

Environmental Issues 
Waste Health 

Plan Plant Experience Base Program Safety* Safeguards Management Effects** 

Reference 1986 1986 1986 1982 1985 1985 

1 1993 1986 1986 1982 1985 1985 

2 1986 1986 1986 1982 1985 1985 

3 1987 1986 1986 1984 1985 1985 

4 1986 1986 1986 1982 1985 1985 

5 1986 1986 1986 1982 1985 1985 

6 1991 1986 1986 1982 1985 1985 

7 1993 1986 1986 1995 1985 1985 

*Not a requirement fo r  l icensing o r  operating LMFBRs. Has a bearing upon commercial 
competitiveness o f  system, i .e., whether excessive design conservatism and conse- 
quent expense can be removed. 

*Date by which  "hot particle" issue (see Section I11 G )  i s  expected t o  be resolved. 

Table S-2 

ALTERNATIVE PROGRAM DECISION DATES 

P1 an Year 

Reference 1986 

1 

2 

3 

4 

1993 

1986 

1987 

1986 

5 1986 

6 1991 

7 1995 
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rough idea o f  haw much uranium may reside i n  such loca l i t ies .  Such information 
w i l l  provide a reasonable basis f o r  estimating a probable upper l i m i t  on the 
amount o f  potential uranium resources that  may be available i n  the U.S. i n  future 
years. 

NURE can provide ins ight  on the industr ia l  capabi l i ty  to produce uranium a t  needed 
rates. ERDA has a continuing program f o r  project ing production capabi l i ty  from ore 
reserves and potential resources. The rate a t  which the industry can mine and 
m i l l  uranium i s  the single, most important factor i n  determining the size o f  the 
non-breeder reactor industry that  can be supported by U.S. uranium resources.* 
This rate depends, a t  any given time, upon haw much uranium has been located and 
developed to the point  o f  mining. I n  general, a given rate o f  annual production 
requires the output o f  a number o f  mines co l lect ive ly  containing about 10 times as 
much U308 as the annual rate. 

For the past four years, desptte greatly increased d r i l l i n g ,  industr ia l  exploration 
has produced new reserves which barely o f fset  production i n  those years. Unless 
increased indust r ia l  exploration resul ts i n  a much larger discovery rate, the 
industry may be unable to  achieve and sustain the production rates required f o r  
projected uranium demand i n  1985 and beyond. The uncertainty involved here i s  one 
o f  the bases f o r  the conclusion that prudence dictates the ear ly comnercialization 
o f  the LMFBR. 

More speci f ical ly,  based on exist ing uranium reserves and rates of addit ion t o  these 
reserves (by industr ia l  exploration) over the past four years, there i s  insu f f i c ien t  
basis f o r  assuming that  uranium production capabi l i ty  w i l l  be adequate to support 
nuclear power i n  the 1990's without the breeder. This picture could, o f  course, 
change if greater success were achieved i n  exploration. 

7. ALTERNATIVE TECHNOLOGY OPTIONS 

The major alternatives to  the LMFBR i n  providing long-term "inexhaustible" energy 
resources have been ident i f ied  by ERDA as fusion energy and solar energy. These 
alternatives have been discussed i n  deta i l  i n  Section I11 H o f  t h i s  Statement. 
That Section ident i f ies  key points i n  each program a t  which decisions can be made 
as to the f e a s i b i l i t y  o f  the options. 

'*of course, mining and m i l l i n g  o f  uranium reserves w i l l  not solve the problem 
unless adequate uranium enrichment capacity i s  available. Current capacity 
i s  not su f f i c ien t  t o  support an expanded non-breeder industry and the problem 
o f  providing increased enrichment capacity must be resolved. 
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I f  one considers successful construction, licensinq and operation o f  a large demon- 
stration plant as the po in t  a t  which a managerial decision could be made on the 
acceptability of each option for widespread cmercial  deployment, i t  can be seen 
f r o m  reference t o  Table S-3 (wh ich  summarizes key decision dates i n  the fusion 
program) t h a t  the decision on commercial deployment of fusion energy could con- 
ceivably be made in the mid-1990s i f  the ooals of the fusion program are achieved. 
Using the same logical approach, Table S-4 shows t h a t  the four solar energy options 
could conceivably reach the decision poin t  on commercial acceptability i n  the mid 
t o  late 1980s. 
successful prosecution of the respective research and development programs and i s  
independent of the prosecution of the LMFBR Program. 
points have no effect on the achievement of the LMFBR decision points. 

Achievement of the key decision points assume vigorous and 

Similarly, these decision 
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Table S-3 

KEY DECISION POINTS - FUSION ENERGY PROGRAMS 

Decision Points Calendar Year 
Program 

Magnet i c Con f i nemen t 

Laser 

Fusion energy from Tokamak Fusion Test Reactor 1982 

Elec t r ica l  energy from Experimental Power Reactors 1985-1990 

I n i t i a l  operation o f  commercial 
sca le  Demonstration Power 
Reactor 

S c i e n t i f i c  breakeven 

Net energy gain 

Operati nq  test s y s  tem 

Demonstration p lan t  

S-14 

1997 

1980-1 981 

1981-1983 

m i  d-1980 ' 5  

mid-1990 ' 5  



Table S-4 

KEY DECISION POINTS - SOLAR ENERGY PROGRAMS 

Energy System Decision Points Calendar Year 

Wind Energy Conversion Experimental units - 
100-K!4e 
MGIe s c a l e  

1980 
1931 

Mu1 t i  - u n i  t demonstrations- 

100-MNe demonstrations 
lO-We p i l o t  plant  1982 

m i  d- 1980 ' s 

Solar  Photovol t a i c  

Large Scale Production - 
si 1 icon arrays 1985 
t h i n  - film c e l l s  1990's 

100-MJe i n s t a l l e d  capaci ty  l a t e  l9GO's 

Solar  Thermal Conversion Central receiver  p lan t  - 
p i l o t  1981 
demonstration 1985 

Distr ibuted co l l ec to r  p lan t  - 
p i l o t  1981 
demonstration 1985 

Solar  t o t a l  energy system - 
p i l o t  1981 
demons tra t i on l a t e  1980's 

Hybrid s o l a r  thermal - 
p i l o t  1982-1 983 
demonstration p l  an t  l a t e  1980's 

Ocean Thermal Conversion 25-MNe f loa t ing  power p lan t  1986 

100-MWe demonstration power p lan t  1987 
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SECTION I 

LMFBR PROGRAM OPTIONS 

AND T H E I R  C O M P A T I B I L I T Y  WITH THE 

MAJOR ISSUES AFFECTING COMMERCIAL 

DEPLOYMENT 



1.1 INTRODUCTION 

This section provides an evaluation of the range of opt lons  available to  the 
Administrator for  structuring the LMFBR Program (1.3) and the compatibility of 
those program opt ions w i t h  the timely resolution o f  the major environmental 
issues -- reactor safety, safeguards, waste management and health effects -- involved 
i n  widespread LMFBR deployment (1.4). 

1.2 SUPPORTING ENVIRONMENTAL ISSUE DATA 

The major environmental issues involved i n  widespread LMFBR deployment are discussed 
i n  detail  i n  the following subsections of Section 111. 

. Reactor Safety (I11 B )  

. Safeguards (I11 C )  

. Waste Management (111 D) 

. Health Effects (I11 G )  
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1.3 AN EVALUATION OF ALTERNATIVE LMFBR PROGRAM PLANS 

1. INTRODUCTION 

In pursuance of i t s  responsibilities t o  conduct the LMFBR Program i n  an optimum, 
expeditious and cost-beneficial manner, the Division of Reactor Research and 
Development (RRD) has prepared program plans which have served t o  guide the research 
and development program. These plans have been updated and revised as the program 
has progressed and as successive stages i n  the development program have been 
reached. The first p lan  was formulated and published i n  1968 t o  provide a better 
focus for  the research and development program. The plan was reissued in a second 

2 edition i n  1973, reflecting progress achieved i n  the interim period and adding 
emphasis t o  those areas of the program crucial to the demonstration phase. 

1 

A review of the program i n  1974 resulted i n  a consensus that basic technology areas 
were being adequately covered, b u t  that a deficiency existed i n  large sodium com- 
ponent development and plant experience. The critical program elements were identi- 
fied as those related t o  reducing uncertainties i n  LMFBR plant cost and component 
performance t o  levels acceptable t o  uti l i t ies i n  purchasing these plants and accept- 
able t o  reactor manufacturers i n  marketing the plants. 
conclusions of this review a program revision was announced by the Director, Division 
of Reactor Research and Development, i n  the FY 1976 Authorization Hearings before 
the Joint Committee on Atomic Energy, March 11, 1975. The program revision reflected 
an increased emphasis on component development, validation and LMFBR plant ex- 
per i ence. 

In accordance with the 

The Administrator's request for  a further examination o f  progrommatic a1 ternatives 
has now led t o  an evaluation of 8 alternative LMFBR Program plans which have been 
selected t o  illuminate trade-offs among development costs, technical and financial 
risks and national benefits. 

The environmental impact of the base program was examined i n  March 1974.3 Since 
the current base program does not vary i n  any substantial degree from the program 
examined a t  t h a t  time, and does no t  vary i n  scope for  any o f  the seven alternative 
programs and the reference program, the evaluation performed a t  t h a t  time is 
believed t o  s t i l l  apply. 
program activities a t  the eight major centers and other sites involved i n  the base 
program as well as transportation activities were examined and documented and were 
found no t  t o  be significant. 
t o  time will be required as the program proceeds to  assure t h a t  the detenlnation 
as t o  the environmental acceptability of the base program s t i l l  applies. 

During t h a t  review the environmental impacts of base 

I t  i s  recognized t h a t  further evaluation from time 
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Insofar as major new f a c i l i t i e s  i n  the base program and the demonstration program 
are concerned, many o f  these have specif ic, local ized environmental impacts which 
therefore require s i te-speci f ic  environmental statements. I n  th i s  regard, a s i te-  
specific environmental statenlent has already been issued on the Fast Flux Test 
Faci1i ty. l  A s i te-speci f ic  anvironmental statement i s  mow i n  preparation on the 
Clinch River Breeder Reactor Plant. Similar s i te-speci f ic  statements w i l l  be 
prepared f o r  each new major program f a c i l i t y .  

2. STUDY APPROACH 

The evaluation focuses pr imari ly on the t iming and scope o f  program elements related 
to component development, Val idat ion and LMFBR plant experience, and the consequent 
changes necessitated i n  the base research and development program. 

These program elements are: 

(a) The Clinch River Breeder Reactor Plant (CRBRP). This plant, current ly i n  the 
detai led design stage, w i l l  have three heat transport loops o f  about 325 MWt  
each, giv ing a rated plalnt capacity o f  about 350 We. 

(b) The Prototype Large Breeder Reactors (one or  two, designated PLBR-1 and 
PLBR-2). Conceptual design e f fo r t s  f o r  the PLBR(s) have recently been 
in i t ia ted.  Aside from f inancial  and ins t i t u t i ona l  aspects, there i s  11 t t l e  
d i s t i nc t i on  between the PLBR and the comercia1 breeder reactors (CBRs) 
assunred to follow. Loop and component rat ings o f  the PLBR and CBR are 
assumed identical.  While a PLBR may be l im i ted  to two or  three loops, the 
CBRs may have two, thme, or  four loops, as economics dictate. Assumed 
plant rat ings o f  PLBR(s) and CBRs are between 1000 and 2000 Me. 

(c) The Sodium Component Test I ns ta l l a t i on  (SCTI), an ex is t ing non-radioactive 
sodium t e s t  f a c i l i t y  a t  the Liquid Metal Engineering Center (LMEC), Canoga 
Park, Cali fornia. The SCTI i s  current ly ra ted-at  35 MWt, and w i l l  be upgraded 
t o  70 M W t  f o r  part ial-capacity tests o f  CRBR intermediate heat exchangers and 

steam generators. 1 

I 

(d) The Sodium Pump Test F a c i l i t y  (SPTF), an ex is t ing non-radioactive t e s t  f a c i l i t y  
a t  LMEC. The SPTF i s  presently l im i ted  to  20,000 gpm. The current t e s t  
schedule includes test ing o f  FFTF (14,500 gpm) and CRBR (33,000 gpm) pumps, and 
the f i r s t  large General E lect r ic  electromagnetic pump. (CRBR pump test ing w i l l  

be a t  p a r t i a l  flow.) Current program plans c a l l  f o r  upgrading the SPTF t o  about 
100,000 gpm f o r  f u l l  scale test ing o f  large LMFBR pumps. 

1-3 



(e) The Plant Components Test F a c i l i t y  (PCTF), a proposed 300 W t  non-radioactive 
f a c i l i t y  whose primary mission would be t o  tes t  LMFBR heat exchange equipment 
larger than could be accomnodated i n  SCTI. Over the past year and one hal f ,  
several configurations o f  t h i s  f a c i l i t y  have been proposed and evaluated by 
the LMFBR technical comnuni ty  . 

The 70 M W t  SCTI and the 100,000 gpm SPTF are the only program elements c i t ed  above 
which appear i n  each o f  the eight program strategies which have been evaluated. 
The existence and t iming o f  the other elements are varied i n  order to provide a 
basis f o r  evaluation o f  differences i n  program "cost" and "r isk." 
gies, program benefi ts are considered t o  s t a r t  a t  the time o f  CBR-1 c r i t i c a l i t y .  
The terms "cost," "risk," and "benefit," as used i n  the study, are defined l a t e r  
i n  th i s  discussion. 

I n  a l l  strate- 

The transmission o f  experience t o  successive plant projects i s  a major goal i n  
planning and executing a coherent program. 
t i o n  transfer f rom one plant project  t o  i t s  successor, then the value o f  the 
e a r l i e r  p lant as a technological bridge i s  minimal. The scope and usefulness o f  
information transferred, of course, depends on the re la t i ve  t iming o f  successive 
plants. Maximum data transfer occurs and scale-up r isks are minimized when 
projects are adequately spaced i n  a sequence allowing milestones o f  one project  t o  
be achieved before a follow-on project  i s  i n i t i a ted .  However, too wide a separa- 
t i o n  i n  t i m e  between successive projects runs the r i s k  o f  loss o f  momentum i n  the 
program, and dispersal o f  s k i l l e d  design and construction teams as well as 
managerial organizations. Also, the  longer time involved I n  the spacing o f  elements 
i n  a program, the greater the base support R&D cost and the longer the delay i n  
receiving the i n i t i a l  benefi ts o f  the program, correspondingly reducing the 
cos t-benef i t advantage. 

If, f o r  example, there i s  no informa- 

There are three major categories o f  experience which can be transferred from one 
project  t o  a follow-on project. These are: 

. experience from the design, licensing, and procurement process 

. prototype test ing ( i n  a non-nuclear tes t  f a c i l i t y )  

. operating experience 

Ui th  these considerations i n  mind, seven a1 ternative program plans were considered 
and were compared wi th  the reference plan. Table 1.3-1 compares these plans. 
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Table 1.3-1 

REFERENCE AND ALTERNATIVE LMFBR PROGRAM STRATEGIES 

c 

Reference High Accel. High Accel. 
W/O CRBR --x---%F= Reference W 0 CRBR W/O PCTF Dela Accelerated w/CRBR 

R + T + - - W b -  #5 

PLANT EXPERIENCE CALENDAR YEAR 

FFTF C r i t i c a l  79 79 79 79 79 79 79 79 

CRBR S t a r t  De;:gn 73 I 3  73 73 80 13 
Sta r t  Construction 76 None 76 77 76 76 None 83 
C r i t i c a l  83 83 84 83 83 90 

-_  -- 

PLBR-1 S t a r t  Design 78 78 78 80 77 91 
S t a r t  Construction 81 83 81 83 80 None None 94 

I C r i t i c a l  , 88 90 88 90 87 2001 

S ta r t  Construction None None None None 82 None None None 
C r i t i c a l  89 

c( 

VI 

PUR-E ‘S tar t  ..Design 79 

CBR-1 S t a r t  Design 83 85 83 86 80 78 
S ta r t  Construction 86 88 86 89 83 81 
C r i t i c a l  93 95 93 96 90 88 

78 2002 
81 2005 
88 201 2 

COMPONENT TEST FACILITIES 

SCTI (70 MWt) 78 78 78 78 77 79 79 85 

SPTF (100,000 gpm) 79 79 79 79 78 79 79 92 

PCTF 81 81 None 81 None None None 94 



Reference P I  an 

The reference plan i s  designed wi th  a modest overlap i n  project  schedules i n  order 
t o  assure a reasonable degree of transmission o f  experience. This plan provides f o r  

c r i t i c a l i t y  o f  the Fast Flux Test F a c i l i t y  (FFTF) i n  1979, and f o r  CRBRP construction 
beginning i n  1976 with c r i t i c a l i t y  achieved i n  1983. The f i r s t  large LHFBR - 
designated PLBR-1 - would enter the detai led design phase i n  1978, two years a f t e r  
construction o f  CRBRP begins. This date corresponds to the end o f  the PLBR 
conceptual design studies which began i n  October 1975 and i s  approximately two years 
a f t e r  CRBRP construction starts.  Construction o f  the PLBR would then begin i n  1981 
with c r i t i c a l  i ty  scheduled f o r  1988. 

Design work on the next large breeder reactor - designated Commercial Breeder 
Reactor 1 (CBR-1) - would s t a r t  approximately two years (1983) after construction o f  
PLBR starts. The designation o f  t h i s  plant as CBR-1 rather than PLBR-2 implies that  
t h i s  i s  the first LMFBR project  i n i t i a t e d  by reactor vendors and u t i l i t i e s ,  perhaps 
with government f inancial assistance. Successive commercial plants are assumed t o  
rapidly fol low C B R - 1 ,  with some o f  these also possibly receiving government 
assistance, but evolving i n t o  a solely commercial industry. 

CRBRP steam generator tests i n  SCTI would begin i n  1978 along wi th  CRBRP pump tests 
i n  SPTF. 
construction o f  the PCTF f o r  test ing PLBR steam generator modules would be f inished 
i n  1981. 

Expansion o f  SPTF t o  test  PLBR pumps would be completed i n  1979 and 

Although construction o f  PLBR star ts  before operation o f  CRBRP, the design, 
l icensing and procurement process i n  PLBR benefits from the completed design and 
l icensing a c t i v i t y  i n  the CRBRP project  (design o f  PLBR occurs a f t e r  award o f  CRBRP 
construction permit), and f r o m  the concurrent CRBRP procurement and component 
test ing ac t i v i t i es .  

The necessary design, l icensing and operating experience w i l l  be avai lable from the 
CRBRP and PLBR projects to begin construction of CBR-1 p r i o r  t o  completion o f  PLBR. 
When CBR-1 construction begins i n  1986, three years o f  operating experience w i l l  be 
avai lable from CRBRP, and the fabr icat ion and test ing o f  PLBR components w i l l  have 
been completed. (Large components i n  CBR-1 w i l l  be o f  the same size as those used 
i n  PLBR.) 
have been completed and the PLBR construction permit w i l l  have been issued. Delay- 

ing the sequence u n t i l  PLBR operating experience becomes avai lable would be 
counterproductive because the teams o f  designers , engi neers , and tes t  faci 1 i ty  

Furthermore, the design, procurement and l icensing phases o f  PLBR w i l l  

1-6 



c3 operators would have t o  be demobilized and mobilized again resul t ing i n  delays and 
the loss o f  experienced personnel. These delays would i n  turn increase program 
costs and reduce the economic benefi ts associated with timely LMFBR introduction. 

Plan 1 

I n  the past several years the obJectives and v a l i d i t y  o f  CRBRP have been challenged 
on the basis that  CRBRP w i l l  not be prototypical o f  the large-size LMFBRs o f  com- 
mercial interest, that  the 200-400 We size range has already been demonstrated by 
the French program and that  bet ter  use would be made o f  the CRBRP funds i n  resolving 
environmental and safety issues. 

- 

Plan 1 was defined i n  order t o  assess the impacts o f  el iminating CRBRP from the 
program. An attempt was made to adhere as closely as reasonable t o  the reference 
program so that the e f f e c t  o f  el iminating CRBRP could be c lear ly  seen. However, i t  
became apparent that  the refierence plan milestones subsequent to  CRBRP would have 
to be changed. Without the CRBRP l icensing precedent and the experience gained i n  
designing, fabr icat ing and test ing CRBRP component prototypes, the PLBR and CBR-1 
operational dates w i l l  most l i k e l y  s l i p  a t  least  two years, t o  1990 and 1995, 
respectively. Contributing t o  th i s  delay would be: (a) the demobilization o f  the 
engineering teams (both reactor design and component vendor) ; (b) the refocusing 
of the base technology and siifety programs t o  obtain the necessary supporting data 
to extrapolate to large plant sizes (much greater than normal engineering experience 
would dictate); (c) delays i n  obtaining s t a t i s t i c a l  fuel  performance, breeding rat io ,  
and core performance data; ((I) greater d i f f i c u l t i e s  and delays i n  achieving resolu- 
t i on  o f  l icensing problems; and (e) increased construction time resul t ing from loss 
of experience i n  constructinq CRBRP. 

Plan 2 

Plan 2 i s  ident ical  to the reference plan except that  the PCTF i s  not included. 
The costs and r isks o f  t h i s  plan when condared wi th  those o f  the reference plan 
provide a basis f o r  estimates o f  the value o f  PCTF t o  the program. Elimination 
of PCTF represents a substantial change i n  program philosophy i n  that  i t  s h i f t s  
the task o f  proving out plant cotnponenks from test ing f a c i l i t i e s  t o  the operating 
power p lant  i t s e l f .  

Delayed Plans 

Plans 3 and 7 include the same elements as the reference,plan, but on delayed time 
schedules. I n  both cases, CBR-1 i s  correspondingly delayed. These strategies were 
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selected in order t o  permit evaluation of tradeoffs between reduced program risks 
(due t o  increased experience transfer) and reduced program benefits (due t o  delay 
i n  CBR-1 operation). 

In  plan 3 the startup of CRBRP is  delayed one year, the startup of PLBR-1 two years 
and the s t a r t u p  of CBR-1 three years. The component test program scope and sched- 
ule are identical with those of the reference plan. 
risks by allowing more time for experience t o  flow between plant and test projects. 
The delays would, however, result in reduced benefits of the breeder to the Nation. 

This approach could reduce 

Plan 7 is  a sequential plan in which design of CRBRP awaits the f i r s t  year of 
operation of FFTF, design of PLBR awaits the operation of CRBRP and so on. The 
testing facil i t ies are also significantly delayed: SCTI until two years after 
CRBRP construction begins i n  1983, SPTF until two years before PLBR construction 
begins in 1994 and PCTF until 1994. This p lan  1s sequential in terms of LMFBR 
plant experience t o  reduce risks. 
facilities could also be effective i n  reducing risks. 
the component tests i n  PCTF parallel actual fabrication of units for PLBR as they 
do i n  the reference plan. 

However, earlier availability of testing 
I n  t h i s  sequential p l an ,  

Accelerated Plans 

Plans 4 ,  5 and 6 represent accelerations i n  the t iming  of program elements, as 
compared with the reference plan. 
would permit earlier CBR-1 availability, thus enhancing program benefits a t  the 
expense of increased risk th rough  diminution of information transmitted from one 
project t o  the next. 

I t  i s  postulated t h a t  these accelerations 

Plan 4 advances PLBR by one year, adds a second PLBR for startup two years after 
the f i r s t ,  and accelerates CBR-1 by three years. 
moved u p  by one year, b u t  PCTF i s  deleted from the plan. 
a near duplicate of PLBR-1 so as t o  take as much advantage as possible of learning 
curve effects t o  reduce costs. Deletion of PCTF, as in p lan  2 ,  changes the program 
philosophy away from full-size prototype component testing prior to  installation i n  
the nuclear power plant. 

SCTI and SPTF schedules are 
PLBR-2 is designed as 

Plan 5 i s  a highly accelerated plan which deletes the PLBR reactors and includes 
a CBR-1 reactor on the same schedule (1988 startup) as was specified for the f i r s t  
PLBR in the reference plan. As i n  the accelerated plan, PCTF was deleted. 
In  effect, since the f i r s t  CBR plant i s  defined a s  the f i r s t  of a succession of 
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13 commercial LMFBRs, t h i s  p l a n  would acce le ra te  t h e  commercial izat ion o f  t he  breeder 
by f i v e  years. The r i s k s  inherent  i n  t h i s  more r a p i d  commitment a re  even g rea te r  
than f o r  p l a n  No. 4 s ince  no experience i s  gained from design and cons t ruc t i on  o f  
PLBR-1 and 2. 

Plan 6 i s  i d e n t i c a l  t o  p l a n  5 except t h a t  CRBRP i s  a l so  deleted. 
as t h e  previous p l a n  might  n o t  accomplish the  o b j e c t i v e  o f  making t h e  fo l low-on 
commercial breeders a v a i l a b l e  on t h e  accelerated schedule intended because of t h e  

h igher  r i s k s  and commercial costs  i nhe ren t  i n  these plans. Nevertheless the  same 
r a t e  o f  comnercial breeder add i t i ons ,  accelerated by f i v e  years, as i n  the  r e f e r -  

ence p l a n  was assumed i n  both plans 5 and 6. Risks and cos ts  were then evaluated 
on t h i s  basis.  

achieve t h i s  p l a n  w i t h  t h e  consequent l o s s  o f  a major o b j e c t i v e  o f  t he  program, the  
development o f  domestic c a p a b i l i t y  t o  develop and susta in  an LMFBR economy. 

This p lan  as w e l l  

Heavy r e l i a n c e  on f o r e i g n  technology would probably be requ i red  t o  

3. 

An attempt was made t o  q u a n t i f y  program costs,  r i s k s ,  and b e n e f i t s  f o r  the seven 

a l t e r n a t i v e  s t r a t e g i e s  and compare these cos ts  w i t h  the  reference plan. 
i n c l u d e  developmental costs  t o  the Government p l u s  non-economic p o r t i o n s  o f  t he  
c a p i t a l  cos ts  o f  t h e  f i r s t  few commercial LMFBRs. 
cumulat ive power cos t  savinqs, through the  year 2020, associated w i t h  the LMFBR. 
Risks a r e  those associated wi th  p l a n t  component scaleup t o  s i zes  o f  commercial 
i n t e r e s t .  Two elements o f  r i s k - c o s t  were quan t i f i ed :  the cos t  o f  rework when a 
component f a i l s ;  and the  delay-cost,  o r  l o s s  o f  na t i ona l  b e n e f i t s  due t o  program 

delay, when a component f a i l s .  

COMPARISON OF COSTS, R I S K S ,  AND BENEFITS OF ALTERNATIVE LMFBR PROGRAM PLANS 

Costs 

Bene f i t s  a re  the  na t i ona l  

Since t h e  r i s k s  considered were r e s t r i c t e d  t o  u l t i m a t e  component performance, 
p r i n c i p a l l y  l a r g e  steam generators and pumps, t h e  ana lys i s  i s  a p a r t i a l  r i s k  
analys is .  Risks associated w i t h  l i c e n s i n g ,  t e s t  f a c i l i t y  cos ts  and schedule, 

f u e l  performance, e tc .  , were n o t  examined q u a n t i t a t i v e l y .  

Fur ther ,  t he re  a r e  l a r g e  i nhe ren t  u n c e r t a i n t i e s  i n  t h e  component r i s k  analys is .  
The methodology used res ted  u l t i m a t e l y  on t h e  c o l l e c t i v e  .judgments o f  design 
engineers and t h e  r e s u l t s  a r e  i n h e r e n t l y  subject ive.  

c a l c u l a t i o n  tends t o  underestimate r i s k s .  A p e r f e c t  " f i x "  (bu t  w i t h  associated 
cos t  and program delays) i s  assumed a v a i l a b l e  a t  any t ime i n  t h e  proqram t h a t  a 
component f a i l u r e  occurs. I n  o t h e r  words, t he  " f i x , "  e.g., an a l t e r n a t i v e  design, 
conta ins no r i s k .  

Also, t h e  s t r u c t u r e  o f  t h e  
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Similarly, there are large uncertainties in the costs and benefits. 
national benefit is a function of the ore resource base and its cost structure 
including enrichment costs, the future electrical demand, and the costs of the LMFBR 
and its competitors--with large uncertainties involved in each factor. The 
differential LMFBR construction costs (non-economic portion) are sensitive to the 
same factors. 

The cumulative 

The analysis presented here illustrates a conceptual framework, a framework which 
can be applied in future program evaluations. 
risks in areas other than components. 
conceptual design efforts, uncertainties in the quantification of component risks 
and the capital cost of large LMFBRs can be reduced. Similarly, uncertainties in 
cumulative benefits will be reduced as more reliable estimates of the uranium ore 
resource base are obtained. 

Future evaluations will quantify 
As more insiyht is galned in the PLBR 

Table I .3-2 sumarizes the development program costs associated with the reference 
and seven alternative strategies. 
the reference plan in 1977 dollars. The budget structure shown here differs 
from the familiar ERDA Budget and Reporting System format, and was formulated to 
illuminate the principal considerations of the study. 

The first column gives total program costs for 

For purposes of the study: 

(1) Fuel recycle program costs are included under the category "Base Support 
after CBR-1"; 

(2) The PLBR cooperative project cost of $1.77 billion includes potential 
government contributions to construction costs of both PLBR(s) and CBR-1; 
and 

(3) An account (Residual Construction) has been included to provide for 
potential government participation in construction costs beyond CBR-1 
($2.86 bill ion). 

The Base Program costs given here are consistent with other RRD estimates, except 
that construction and modification costs for principal component test facilities 
(PCTF, SCTI, SPTF) are shown separately. Also, Base Proqram costs are allocated 
to specific plants through CBR-1, and to the group, CBR-2 through 100. Generic 
programs, applicable to the entire future LMFBR economy, e.g., fuel recycle and 
advanced fuel development, are included in the latter category. 

The cooperative construction project costs for PLBR and follow-on large LMFBRs are 
taken to be differential costs of these projects, i.e., the capital costs equivalent 
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Table 1.3-2 

RELATIVE COSTS OF THE REFERENCE AND ALTERNATIVE PROGRAM PLANS 
(B i l l i ons  o f  Dollars - 1977) 

RELATIVE TO REFERENCE STRATEGY (R) 

REF HI-ACCEL. HI-ACCEL. 
REF W/O CRBR W/O PCTF DELAY ACCEL. W/CRBR W/O CRBR SEQUEN. 
(p.1 ( # l )  (#2 j  (#3 j  M4 i (#5 j (#s i  (87) 

COSTS (Undi scounted) 
PCTF, SCTI, SPTF 

Construction 0.34 0 -0.29 0 -0.29 -0.29 -0.29 0 
FFTF, CRBR Construction 1.34 -1.01 0 0 '  0 0 -1.01 0 
PLBR( S ) ,  CBR-1 

-0.73 -0.48 
Residual Construction 2.86 -0.7 0 -0.74 +O. 33 +6.6 +6.6 -2.86 

-. CBR-1 3.73 +0.12 0 +0.12 0 0 -0.19 +0.49 

Construction 1.77 -0.1 0 -0.1 +0.6 -0.73 

w Basel Support th ru  
I 

Base Support ' a f t e r  

Misc. Fac i l i t i es ,  

-. 

CBR-1 1.69 0 0 0 0 0 0 0 

Const. & Op. 2.65 0 0 0 0 0 0 0 
TOTAL ~~ xz§ 337 +0.6v +5.58 i 4 . 3 9 z E  



n 
t o  the power cost differential  between LMFBRs and LWRs. Uncertainties i n  these 
estimates are large. 
design projects proceed, and as greater confidence i s  gained i n  estimates of the 
uranium ore resource base. These costs are included here for  conceptual reasons, 
and for the purposes of this analysis they are treated as program costs. While 
inclusion of these costs tends t o  imply that  the government will cover these costs,  
i t  is  premature to  s ta te  that  this i s  the government's intention. Other inst i tu-  
tional and financial arrangements, e.g., spreading the in i t ia l  non-economic costs 
over a large number of u t i l i t y  companies, may be sought as specific cooperative 
contracts are negotiated. 

More rel iable  estimates w i l l  be available as the LMFBR target 

Plan 1 

Plan 1 omits CRBRP from t h e  reference LMFBR Program plan. 
direct  transit ion from FFTF t o  PLBR-1 w i t h o u t  the benefit of experience from CRBRP 
and would most 1 ikely increase the construction and 1 icensing periods for CBR-1. 
These factors would delay the c r i t i c a l i t y  of CBR-1 by two years and would reduce 
t h e  discounted nat ional  b e n e f i t s  o f  t h e  LMFBR Proaram by $6 b i l l i o n .  
of CRBRP would reduce the overall cost of the program by $1.7 bil l ion as compared to 
the reference plan (See Table 1.3-2). However, the loss of experience which would 
have been achieved th rough  design, construction and operation of CRBRP is  estimated 
t o  add $1.5 b i l l i o n  i n  risk to  the program. Because of the greater r isks inherent 
t o  this plan, i t  is expected that  greater government support  would be required f o r  
PLBR-1 than for  the reference plan. 

This would require a 

Elimination 

Plan 2 

Plan 2 i s  identical to  the reference plan except that  PCTF has been omitted. 
national benefits associated w i t h  the plan are identical to those of the reference 
plan since the introduction date of the commercial LMFBR, i .e . ,  the availabil i ty 
date of CBR-1,  i s  the same i n  b o t h  cases. 
PCTF would resul t  i n  a risk reduction i n  the range of $500-1,000 million. 
construction cost of PCTF (about $300 million) is  more than recovered. 

The 

The r isk assessment indicated that building 
Thus the 

Plan 3 

In Plan 3 r i s k  reduction is accomplished by delaying the plant sequence while 
holding the t e s t  program fixed. The level o f  risk relative to  the reference plan 
is  i n  the range of $500-1,000 million. 
is delayed three years, w i t h  a benefit penalty of up to $9 bill ion.  A savings of 

However, the introduction date o f  the CBR-1 
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about $700 mi l l ion  i n  program cost i s  accomplished, due largely to  a reduction of 
the construction cost differential  between LMFBRs and LWRs. 

Plan 4 

In Plan 4 national cumulative benefits are maximized by advancing the introduction 
date of the CBR-1 by three years. Potential additional benefits ranqing  up t o  as 
h i g h  as  $9 bil l ion could be achieved. T h i s  plan omits PCTF and includes an addi -  
tional PLBR. Additional conistruction differential  costs of about $1 billion are 
incurred because the LMFBR target cost (parity w i t h  total LWR power costs) i s  
lower. Additional r isks of $200-600 million are also incurred due t o  the absence 
of PCTF and the diminished flow of experience amonq successive plant projects. 

Plan 5 

I n  Plan 5, both PCTF and PLElR are omitted. 
of CBR-1 and the national LCIFBR capacity growth schedule i s  advanced by five years. 
In effect  the risks inherent t o  PLBR i n  Plan 2 are transferred from the qovernment 
to the private sector, and magnified by the multiplicity of large commercial plants. 
I t  is debatable whether the private sector would accept these risks. 
assumed growth of LMFBR commitments following CBR-1 is  probably grossly exaggerated. 
If th i s  plan were t o  be implemented on the target schedule, then substantial 
additional benefits ( re la t ive t o  the reference plan) would accrue--as h i o h  as $15 
bil l ion.  A more l ikely scenario is t h a t  the commercial growth schedule would s l ip  
back t o  that  assumed i n  Plan 1 ,  w i t h  a resulting elimination of added benefits. 
Substantial added costs i n  Plan 5 are incurred due t o  increased "non-economic" 
different ia ls  between the LMFBR and the LWR, due t o  the LWR's lower fuel cycle 
costs i n  the ear l ie r  period of LMFBR introduction. 

Nevertheless, the availabil i ty date 

Thus  the 

Plan 6 

Plan 6 i s  identical t o  Plan 5 except that  CRBRP i s  omitted. 
the r isks  and diff icul t ies  in implementing the commercial construction would be 
even greater due t o  the complete lack of plant experience except for  FFTF. 

However, i n  th is  case 

For example the increased ri;sk due t o  lack of steam generator experience alone is 
estimated t o  be of the order of $2 bil l ion.  Thus the additional risk incurred i n  
th is  plan clearly exceeds the CRBR cost estimate. 
reduce the risk a t  the expense of fa i l ing t o  develop a domestic engineering and 
manufacturing capability. 

Use of foreign technology m i g h t  
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Plan 7 

I n  Plan 7 LMFBR demonstration and prototype plants are scheduled such that  complete 
transmission o f  data and experience occurs alllong successive p lant  projects. This 
i s  a minimum r i s k  approach, and the r i s k  reduction affected ( re la t ive to the 
reference plan) i s  i n  the range o f  $1-3 b i l l i o n .  Substantial savings also accrue 
i n  plant construction cost d i f f e ren t i a l s  between LMFBRs and LWRs. However, the 
national benefits o f  the LMFBR option through the year 2020 are essent ia l ly  
eliminated since the introduction date s l i ps  19 years re la t i ve  t o  the reference 
plan. This i s  equivalent t o  $50-60 b i l l i o n  i n  foregone discounted benefits. 

4. BASE PROGRAM CONSIDERATIONS 

Review of the base research and development program has revealed that the contro l l ing 
element i n  the program i s  the development o f  a technical ly and economically adequate 
fuel reprocessing and recycle system. By 1986 a l l  the design work f o r  a LMFBR fuel 
reprocessing hot p i l o t  p lant  and i t s  equipment should be f inished and construction 
should be well along. I n  addition, industry should be making contributions, wi th  
ERDA support, t o  a conceptual c o m r c i a l  p lant  study and to large scale component 
development and testing. These combined a c t i v i t i e s  w i l l  provide data from which 
ear ly projections o f  LMFBR fuel cycle economics and overal l  breeder power plant 
potential f o r  conmercial izat ion can be assessed. 

It has been concluded that  an adequate basis w i l l  ex i s t  to predict  the successful 
completion o f  a safe, re l iable,  and economical fuel cycle by 1986. A t  that  time, 
equipment design, development, and cold engineering operation w i l l  have been com- 
pleted on the hot p i l o t  plant. Operation o f  the hot p i l o t  p lant  w i l l  veri fy, using 
a s t a t i s t i c a l l y  s ign i f icant  quanti ty o f  fuel, the behavior o f  the fuel during proc- 
essing and w i l l  permit, through material balance measurements, the i den t i f i ca t i on  
and location o f  a l l  s ign i f icant  fuel materials throughout the plant. On certain 
large, key components, engineering tradeoffs w i l l  provide a base o f  experience f o r  
the construction and operation o f  economical fu l l -scale plants. 
key f a c i l i t y  f o r  evaluation and f o r  demonstration o f  improvements i n  fuel  reprocess- 
ing technology. Although t h i s  information developed f r o m  operation o f  the hot p i l o t  
p lant  w i l l  be important f o r  design o f  the optimum fuel recycle plant, i t  i s  not 
considered necessary f o r  the information t o  be developed p r i o r  t o  the decision on 
acceptabi l i ty  o f  LMFBR technology f o r  widespread c o m r c i a l  deployment. 

It w i l l  serve as a 

Another key element o f  the base research and development program i s  the development 
of advanced LMFBR fuels. The fuel development program objective i s  to provide a 
range o f  fuel options, so that  the reactor designer can mike a selection i n  1986. 
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1.4 ANALYSIS OF THE RESOLUFION OF MAJOR ISSUES AND THE COMPATIBILITY WITH LMFBR 
ALTERNATIVE PROGRAM PLAN MILESTONES 

INTRODUCTION 

As mentioned previously, four  major issues (safety, waste management, safeguards, 
and heal th e f fec ts )  have been i d e n t i f i e d  as requ i r ing  fu r ther  resolut ion before a 
commitment to widespread commercial deployment o f  LMFBRs may be made. The question 
arises as to whether the tinre period required ta resolve these issues i s  
compatible w i th  the schedules se t  f o r t h  i n  the program planning al ternat ives analy- 
ses discussed i n  Section 1.3. 

Accordingly a study has been performed on the compat ib i l i t y  o f  the program mile- 
stones directed a t  resolving these four  major areas o f  concern with the milestones 
projected for the reference plan and the seven LMFBR a l te rna t ive  program plans. 
Table 1.3-1 above shows the milestones f o r  achieving design, construction and p lan t  
c r i t i c a l i t y  f o r  each a f  the e igh t  plans reviewed. The analysis f o r  each o f  the 
four major areas o f  cancern follows. 
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I .4A SAFETY PROGRAM COMPATIBILITY WITH ALTERNATIVE LMFBR PROGRAM PLAN MILESTONES 

An LMFBR, l i k e  any reactor, i s  a po ten t ia l  publ ic hazard because o f  i t s  inventory 
o f  Pu and o f  f i s s i o n  products. These must be confined to  assure publ ic safety. 
The safety program has the respons ib i l i t y  f o r  developing a base o f  understanding 
and data which w i l l  permit reactor designers t o  provide assurance beyond confine- 
ment tha t  these hazardous mater ia ls w i l l  no t  reach the environment and the public. 

Completion o f  the safety program w i l l  permit substantial design f l e x i b i l i t y  r e l a t i v e  
t o  current practice, al lowing greater confidence, as wel l  as improved e f f i c iency ,  
and reduced costs and schedules. 
stage t o  be e f fec t i ve .  
substant ia l ly  precede la rge  scale deployment o f  the concept. 
be established i n  add i t ion  t o  acceptance by the technical community. 

Safety input i s  required a t  the conceptual design 
Therefore, the development o f  safety technology w i l l  

Pub1 i c  acceptance must 

The LMFBR safety program i s  discussed f n  great de ta i l  i n  Section 11, 4.2.7 and 
Section I11 8 o f  the Statement. No safety issues have been i d e n t i f i e d  which, i n  
the opinion o f  ERDA s ta f f ,  would prevent design, construction and operation o f  
safe and l icensable commercial-size LMFBRs. 
elements o f  the safety issue which are cur ren t ly  incompletely resolved and these 
impose design constraints on the LMFBR t o  assure i t s  acceptabi l f ty by regulatory 
author i t ies,  industry and the publ ic.  The safety issue must be resolved so as t o  
provide r e a l i s t i c a l l y  conservative design and improve the economic competitiveness 
o f  la rge  size breeder reactors. 

However, there are three pr inc ipa l  

The pr inc ipa l  safety elements t h a t  have been i d e n t i f i e d  are: 
a) R e c r i t i c a l i t y  Energetics 

It has been t rad i t i ona l  i n  LMFBR safety discussions t o  ask what would 
happen i f  LMFBR fue l  were suddenly compacted i n t o  a supercr i t f ca l  mass. 
The signi f icance o f  r e c r i t i c a l i t y  energetics i s  t ha t  the induced power 
could, i f  achieved, cons t i tu te  a challenge t o  the i n t e g r i t y  o f  the primary 
system. Further, i t  const i tutes perhaps the only e f fec t i ve  means f o r  
generating a la rge  scale rad io log ica l  source term. Evidence t o  date 
indicates t h a t  none o f  the condit ions required f o r  such an 'event would 
be achieved i n  an LMFBR accident. Nevertheless, i t  I s  f e l t  that  f u r the r  
demonstrations are required. 

b) Limited Core Involvement 

The basic charac ter is t i cs  o f  an LMFBR strongly tend t o  make accident 
consequences sel f  l im i t i ng .  There i s  good reason t o  bel ieve tha t  even 
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serious accidents would be res t r i c ted  t o  l im i ted  portions o f  the core. 
To the extent t h a t  convincing demonstration o f  t h i s  can be accanplished, 
the problem o f  accomodatinq the consequences o f  accidents a r e  dramati - 
c a l l y  reduced. 
incentive t o  provide the assurance tha t  core involvement would be l im i ted  
t o  a port ion o f  the core. 
Radiological Source Term and Containment Features 

There i s  no publ ic hazard from a reactor other than t h a t  po ten t i a l l v  
associated w i th  release o f  radioactive material. Many natural and 
engineered character ist ics provide physical barr iers t o  the release o f  
radiological  products. For an LMFBR, a number o f  features such as 
inherent sodium f i l t r a t i o n  and aerosol e f fec ts  appear t o  o f f e r  dramati- 
c a l l y  larger inherent attenuation than i s  current ly claimed. A program 
i s  underway t o  be t te r  define the source generation and attenuation factors 
achievable. Successful completion o f  th is  program w i l l  have economic as 
wel l  as safety benefi ts i n  tha t  containment features could be more 
rea l  i s t i  c a l l  y designed. 

I n  addit ion t o  pub l i c  safety, there i s  stronq economic 

Final resolut ion o f  elements i t )  and b) could be most expedit iously and convincingly 
demonstrated by construction iind operation o f  a new safety f a c i l i t y ,  the Safety 
Research Experiment F a c i l i t y  (SAREF). 
under study and f l n a l  determination i n  ear ly  1976 o f  the design parameters would 
permit ear ly  s t a r t  o f  Construction. 
o f  the safety issue a r e  already in operation and providing needed information. 

Desian character ist ics of t h i s  f a c i l i t y  a r e  

Other f a c i l i t i e s *  needed t o  resolve the elements 

Because o f  the pervasive nature o f  the r e c r i t i c a l i t y  enerqetics issue and the 
complexity o f  demonstrating resolut ion o f  t h i s  issue i n  a series o f  non-inteqral 
experiments, a special purpose tes t  of t h i s  problem has been studied. There may 

be meri t  i n  other potent ia l  special purpose tests such as a large scale short 
period fue l  coolant in te rac t ion  (FCI) t es t  t o  demonstrate that there a r e  no 
unexpected scale effects; o r  a molten fue l  pool o r  debris bed coo lab i l i t y  and post- 
accident heat removal (PAHR) demonstration may be desiratj le. Several approaches t o  
special purpose tests may be considered, including use o f  foreign f a c i l i t i e s ,  FFTF 
or  EBR-11, o r  special ly designed f a c i l i t i e s .  No decisions have been made as t o  the 
necessity for these addit ional f a c i l i t i e s .  
such special purpose teats would accelerate the resolut ion o f  the safety issue, 
they w i l l  be added t o  the program. 

Should studies and analyses show tha t  

*Fuel Fai lure Mockup (FFM), Sadium Loop Safety F a c i l i t y  (SLSF), Out-of-Pile 
Exirulsion and Re-entry Apparatus (OPERA), Transient Reactor Test F a c i l i t y  (TREAT). 
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Figure 1.4-1 presents infonnation on milestones f o r  achieving resolut ion of the 
three pr incipal  elements o f  the safety issue along with schedular information on 
the various al ternat ive program plans reviewed i n  Section 1.3. This Figure presumes 
the a v a i l a b i l i t y  of SAREF on an ear ly schedule. 
ment o f  an adequate resolut ion o f  outstanding elements o f  the safety issue would 
be accelerated by, but does not necessarily depend on, the a v a i l a b i l i t y  o f  SAREF. 

Since reactor safety information i n  large par t  relates t o  design considerations, 
i t  i s  believed that  the safety issue should be resolved about one year before the 
reactor design i s  f inal ized. The al ternat ive program analyses assume a three year 
design period and a seven year construction period p r i o r  t o  c r i t i c a l i t y  so that  the 
safety issue should be resolved eight years before the c r i t i c a l i t y  dates indicated. 
It can be seen from examination o f  Figure 1.4-1 that: 

I t  should be noted that  establish- 

. A l l  elements o f  the safety issue w i l l  receive f i n a l  resolut ion i n  time 
f o r  i n i t i a l  design o f  the f i r s t  comnercial breeder reactor f o r  plans 1, 
3 and 7; 

. The reference plan and plan 2 would have avai lable a l l  the necessary 
safety data i n  time t o  factor i t  i n t o  the CBR-1 design; 

. The accelerated plans 4, 5, and 6 would require that  design be completed 
p r i o r  t o  complete confirmation o f  a l l  elements o f  the safety issue. 

As noted e a r l i e r  th ts  does not mean tha t  prototype large breeders o r  commercial 
breeders cannot be b u i l t  p r i o r  t o  these schedules. 
conservatism must be b u i l t  i n t o  the designs t o  compensate f o r  lack of certainty 
on residual elements o f  the safety issue. 
not be an issue which w i l l  prevent wide-spread comnercial deployment o f  LMFBRs 
where design s tar ts  i n  1986 and thereafter. 

It merely means that  additional 

Figure 1.4-1 also indicates safety w i l l  

1-18 



c 
5.6 4 R.2 1 3 9 - CBR-1 CRITICALITY 

d. - PLBR-1 CRITICALITY 
4 R.2 1.3 7 

FACl LIT1 ES 

SAREF -I 

A - DECISION POINT 

- OPERATIONAL 

~ ~ 

SAFETY ISSUES 

RECRlTlCALlTY a b C d 

ENERGETICS 

LIMITED CORE 
INVOLVEMENT 
MAXIMUM ACCIDENT 
RADIOLOGICAL SOLURCE 
TERM & CONTAINMENT 

FEATURES ’ 

b d - - - .IJ 

- --- 

COMPLETION OF: 

a. OUT-OF PILE EXPERIMENTS 
b. SMALL SCALE EXPERIMENTS 
c. POSSIBLE LARGE SCALE EXPERIMENTS 
d. CONFIRMATION IN SAREF 

5.6 4 R.2 1 3 7 

Q Q  
dA A 

9 7 9  0 - EARLIEST NEED FOR 
d INFORMATION 

4 R.2 1.3 
- 
7 

I I I I I 1 I I I 
1975 1980 1985 1990 1995 2000 200 5 m i 0  m i 5  

Note: R refers to the Reference Program and numbers 1-7 refer t o  the al ternat ive LMFBR Program Plans reviewed 
i n  Section 1.3. 

SAFETY PROGRAM COMPATIBILITY WITH ALTERNATIVE LHFBR PROGRAM PLAN MILESTONES 

Figure 1.4-1 



I.4B WASTE MANAGEMENT PROGRAM COMPATIBILITY WITH ALTERNATIVE LMFBR PROGRAM PLAN 
MILESTONES 

The opinion has been expressed i n  comments 091 the Draft and Proposed Final 
Environmental Statements (PFES) that  the LMFBR Program should be delayed u n t i l  a 
de f i n i t i ve  method f o r  permanent disposal o f  high-level and transuranium radioactive 
wastes has been f u l l y  established. The waste management program to accomplish th i s  
objective i s  described i n  Sections 4.6 and 7.3 o f  the PFES (incorporated as Section 
11) and Section I11 D o f  t h i s  Statement. 

It has been pointed out that  waste management and disposal i s  not an issue f o r  the 
LMFBR fuel cycle alone but must be resolved f o r  the LWR fuel cycle o r  any other 
nuclear fuel cycle whether o r  not the LMFBR i s  developed. Hawever, i n  order t o  
determine whether the waste management research, development and demonstration 
program w i l l  impose any constraints on the development schedule f o r  the LMFBR, t h i s  
program has been analyzed with reference t o  i t s  interact ion wi th the schedules of 
the reference plan and the seven al ternat ive LMFBR Program plans reviewed i n  
Section 1.3. 

I t  has been determined that  the key element o f  the waste management program which 
has a bearing upon LMFBR schedules i s  the a v a i l a b i l i t y  o f  a geologic disposal 
p i l o t  plant. 
f o r  intermediate-lived gaseous wastes, and a disposal f a c i l i t y  f o r  long-lived gaseous 
wastes w i l l  also be needed. 
for high-level and transuranium radioactive wastes i s  expected t o  be available by 
1983, well  i n  advance o f  requirements for the LMFBR Proqrarn. 

Ultimately, a permanent geologic disposal f a c i l i t y ,  a storage f a c i l i t y  

Figure 1.4-2 shows that a qeologic disposal p i l o t  plant 

Since disposal o f  high-level radioactive waste frm LMFBR fuel reprocessing plants 
w i l l  not  be required u n t i l  about 12 years a f t e r  start-up o f  an LMFBR, the ea r l i es t  
t i m e  that a waste disposal f a c i l i t y  would be required f o r  high-level wastes would 
be i n  1999 f o r  the prototype large breeder i n  plan 4 and the year 2000 f o r  the f irst 
comnercial breeder i n  plans 5 and 6.* Since i t  i s  expected that  the geologic 
disposal p i l o t  p lant  might be converted t o  a fu l l - s i ze  f a c i l i t y  i f  i t  proves 
successful, there does not appear t o  be any constraint on the LMFBR Program imposed 
by disposal requirements for high-level radioactive wastes. 
from Figure 1.4-2 that  a decision t o  b u i l d  a fu l l -scale geologic disposal f a c i l i t y  

I t  should be noted 

%owever, a geo1ogi.c disposal f a c i l i t y  may be needed as early as 1996 (plan 4) for 
disposal o f  s ign i f icant  amounts o f  transuranium wastes associated wi th  the LMFBR 
fuel cycle. 
11, pp. 4.6-1 and 4.5-24 f o r  the def in i t ions o f  high-level and transuranium-- 
also cal led alpha o r  transuranic-wastes.) 

This consideration Is ref lected i n  Figure 1.4-2. (See the PFES, Vol. 
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n 
may b e  made i n  1977. 
been determined as yet, more than  20 y e a r s  will e l a p s e  b e f o r e  t h e  f a c i l i t y  will be  
r e q u i r e d  for  t h e  LMFBR Program. 

Although t h e  o p e r a t i o n a l  d a t e  for  such a f a c i l i t y  has  n o t  

ERDA has  r e c e n t l y  r e s t a r t e d  a program l e a d i n g  t o  t h e  c o n s t r u c t i o n  of a " p i l o t "  
d i sposa l  f a c i l i t y  i n  bedded s a l t  i n  s o u t h e a s t  New Mexico. 
ready t o  r e c e i v e  r a d i d a c t i v e  was te  i n  t h e  e a r l y  e i g h t i e s ,  t r e a t e d  plutonium was te  
from ERDA s t o r a g e  faci l i t ies  will b e  t h e  f i rs t  ma te r i a l  s t o r e d  t h e r e .  As t h e  
programs on s o l i d i f i c a t i o n  and packaging of h igh- leve l  was t e  proceed t o  a p o i n t  
where s e a l e d  c a n i s t e r s  of waste, ready for  d i s p o s a l ,  a r e  a v a i l a b l e ,  the p i l o t  
f a c i l i t y  may b e  used t o  f u r t h e r  s t u d y  t h e  h igh- leve l  waste d i sposa l  c a p a b i l i t i e s  
o f  bedded s a l t .  The l a t t e r  s t u d i e s  and o t h e r  s t u d i e s  which will be made on t h e  
t e c h n i c a l  , environmental  and economic a s p e c t s  of d i sposa l  of h igh- leve l  was te  will 
form an impor t an t  p a r t  of t h e  o v e r a l l  program for isolation o f  commercial h igh- leve l  
was t e  and will p rov ide  r e q u i r e d  t e c h n i c a l  s u p p o r t  for one or  more a d d i t i o n a l  
faci l i t ies  f o r  such wastes. 

When t h i s  f a c i l i t y  is  

The i n i t i a l  o b j e c t i v e  is t o  p rov ide  t h e  facilities and c a p a b i l i t i e s  t o  permanently 
d i s p o s e  of ERDA t ransuranium waste.  
e x i s t i n g  a n a l y t i c a l  c a p a b i l i t i e s  and technology.  
waste will be  r ece ived  and p l aced  i n  t h e  s a l t  bed i n  a f u l l y  r e t r i e v a b l e  cond i t ion .  
P i l o t  p l a n t  o p e r a t i o n s  w i l l  be cont inued  u n t i l  t h e  obse rva t ions  and measurements 
made have demonstrated t h e  safety and a c c e p t a b i l i t y  of t h e  d i sposa l  mode, a f t e r  
which t h e  p i l o t  p l a n t  may be conve r t ed  t o  a ful l  c a p a c i t y  d i s p o s a l  o p e r a t i o n  wherein 
t h e  waste will no l o n g e r  be r e a d i l y  r e t r i e v a b l e .  S i g n i f f c a n t  q u a n t i t i e s  o f  
t r ansu ran ium was te s  from t h e  LMFBR f u e l  cycle (i.e.,  too l a r g e  t o  be t empora r i ly  
s t o r e d  a t  t h e  g e n e r a t i n g  s i t e s )  a r e  n o t  expec ted  t o  be  produced u n t i l  about  1996. 

T h i s  o b j e c t i v e  is  ach ievab le  wi th  proven 
Limited quan t i  ties of t ransuranium 

A t  t h e  p r e s e n t  time, most of t h e  long- l ived  gaseous f i s s i o n  p roduc t s  gene ra t ed  i n  
r e a c t o r  fuel a r e  r e l e a s e d  a t  the s p e n t  f u e l  r ep rocess ing  p l a n t s .  The p r i n c i p a l  
r a d i o a c t i v e  i s o t o p e s  invo lved  a r e  tritium, krypton-85, iodine-129, and carbon-14 
( r e l e a s e d  a s  carbon d i o x i d e ) .  
t i o n s  for t h e s e  gases  which may p reven t  their emiss ion  a t  commercial p l a n t s  i n  t h e  
mid 1980's.  Work has  been under way f o r  some time a t  ERDA l a b o r a t o r i e s  t o  develop 
ways t o  remove t h e s e  r a d i o a c t i v e  gases  from p l a n t  effluents and some of t h e  
developments have been a p p l i e d  t o  ERDA f a c i l i t i e s .  Th i s  development program is 
aimed a t  p rov id ing  t h e  technology needed t o  s a f e l y  f i x  and store these was te s .  
I n v e s t i g a t i o n s  of s o l i d i f i c a t i o n  t echn iques  f o r  each  of t h e s e  gases  are now under 
development on a l a b o r a t o r y  s c a l e  and p i l o t  demonst ra t ions  a r e  planned i n  1978 for 

Both EPA and NRC are c u r r e n t l y  cons ide r ing  r egu la -  
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tritium and iodine, and 1979 fo r  krypton. 
for  management of these gaseous wastes w i l l  be required - one fo r  storage of 
re la t ive ly  short-lived wastes ( t r i t ium and krypton) and one fo r  disposal of long- 
l i v e d  wastes (carbon-14 and iodine-129), although this l a t t e r  waste may be placed 
i n  the geologic disposal f ac i l i t y .  

I t  i s  expected tha t  only two f a c i l i t i e s  

I t  is expected tha t  firm schedules f o r  a l l  these various waste management 
f a c i l i t i e s  and programs w i l l  be established during 1976. Additional de ta i l s  on 
these program and potential f a c i l i t i e s  are given i n  Section 111 D. The intennediate- 
lived gaseous waste storage f a c i l i t y  o r  an interim storage measure w i l l  not be 
needed u n t i l  a t  l eas t  tmro-to-three years a f t e r  i n i t i a l  s ta r tup  of the PLBR-1 or  
CBR-1,  whereas the long-lived gaseous waste disposal f a c i l i t y  w i l l  not be required 
f o r  ten years beyond tha t  point. 
made u n t i l  1982 fo r  the forrrier and 1984 fo r  the l a t t e r .  As can be seen from 
Figure  I .4-2, the e a r l i e s t  LMFBR requi rement  fo r  the intennediate-lived gaseous 
waste storage f a c i l i t y  would be 1990 f o r  the prototype large breeder i n  the 
reference plan, and 1991 f o r  the comnercial breeder reactors i n  Plans 5 and 6. 
However, it i s  expected tha t  interim storage a t  LMFBR power plants would be used 
t o  delay these dates t o  1995 and 1996 respectively, since there will not be a s ig -  
n i f ican t  volume of such wastes from the LMFBR fuel cycle u n t i l  the mid-1990’s. 

Decisions to  construct these f a c i l i t i e s  may not be 
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I .4C SAFEGUARDS PROGRAM COMPATIBILITY WITH ALTERNATIVE LMFBR PROGRAM PLAN 
MILESTONES 

A par t icu lar  po int  raised by the Internal Review Board related t o  "minimization" 
measures, i .e., safeguards measures directed toward minimization (or, a t  least, 
reduction) o f  the adverse consequences o f  postulated successful adversary actions. 
Section 111 C.l (subsection 7.4.8.1.2s) provides a discussion o f  a number o f  
minimization (reduction) measures which are under consideration, and indicates the 
approach t o  be taken i n  assessing the degree o f  r i s k  reduction which could be 
expected t o  resul t  f r o m  implementation o f  these measures. I t  should be understood 
that  the development o f  measures t o  minimize o r  reduce consequences o f  successful 
adversary acts, while an important ac t i v i t y ,  i s  only one element i n  the overal l  
ERDA program f o r  future safeguards. This program i s  discussed below i n  the part ic-  
u la r  context of compat ib i l i ty  wi th the al ternat lve LMFBR Program plans. 

Section 11, 7.4.8.1.3 provides a general description o f  the ERDA program f o r  
future safeguards. Recent planning a c t i v i t i e s  have resulted i n  an improved and 
more speci f ic  program description. This i s  given i n  Section 111 C.2 (subsection 
7.4.8.1.3s). It i s  pointed out that  the ERDA safeguards program relates to a l l  
nuclear fuel  cycles, and that  the safeguards requirements o f  the LMFBR are not 
unique. Nevertheless, i t  i s  recognized that  improvements i n  the safeguards system 
w i l l  be needed i n  the future because o f  changes i n  the nature o f  the threat and 
the expected widespread connercial u t i 1  izat ion o f  strategic special nuclear 
materials such as plutonium, and that  LMFBR safeguards may d i f f e r  i n  some deta i ls  
from the safeguards systems o f  conventional (LWR, HTGR) nuclear fuel cycles - 
possibly ar is ing f r o m  the Increased magnitude o f  plutonium present i n  the LMFBR 
fuel  cycle. The fol lowing discussion relates t o  the development o f  the safeguards 
system speci f ica l ly  required f o r  the LMFBR economy. 
improvements i n  the ex is t ing safeguards systems f o r  conventional nuclear fuel  cycles 
are not dependent upon design information f r o m  the LMFBR Program and therefore are 
not dependent upon al ternat ive LMFBR Program schedules. 

It should be kept .in mind that  

As stated i n  I11 C.2, the ERM safeguards program i s  expected t o  provide, by the 
ear ly 1980s, information s u f f i c i e n t  t o  permit an ERDA management decision on the 
safeguards-related acceptabi l i ty  o f  the LMFBR f o r  future widespread conmercial use, 
given the timely a v a i l a b i l i t y  o f  design information pert inent to the future LMFBR 
fuel cycle. The infannation used i n  t h i s  decision process would resu l t  from four 
major safeguards program ac t i v i t i es :  
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(a) Improvement o f  Threat Def in i t ion;  

(b) 
(c) 

(d)  LMFBR Systems Evaluat4ons. 

Improvement o f  Safeguards System Design and Evaluation Capabil i ty; 
Improvement o f  Capabi l i t y  f o r  Adversary Action In te r rup t ion  and Consequence 
Reduction; and 

The f i r s t  three a c t i v i t i e s  are essent ia l ly  independent o f  LMFBR Program scheduling 
since they are needed f o r  ii nuclear power industry whether the LMFBR i s  developed 
o r  not. They w i l l  produce the methodology and technology necessary f o r  the 
synthesis and effectiveness evaluation o f  safeguards systems for a fu tu re  LMFBR 
industry, The synthesis and evaluation, carr ied out under a c t i v i t y  (d), w i l l  lack 
c r e d i b i l i t y  unless i t  u t i l i i zes  r e a l i s t i c  LMFBR f a c i l i t y  design information, and 
other re la ted  WFBR Fuel cycle information. Thus, the t iming fo r  i n i t i a t i o n  and 
completion o f  a c t i v i t y  (d) i s  inf luenced by LMFBR Program scheduling. 

As indicated i n  Table I11 C-1 (Section I11 C.2, page I11 C-8), the necessary LMFBR 
design information i s  required f o r  three kinds o f  f a c i l i t i e s :  reactor plants (CRBR 
and PLBR), fuel fabr ica t ion  plants (HPFL), and reprocessing plants (HPP design study 
It i s  assumed tha t  other necessary information (e.g., design of transport systems) 
would became avai lable concurrently w i t h  f a c i l i t y  designs. 

Of the f a c i l i t i e s  considered t o  inf luence the t iming o f  safeguards program a c t i v i t y  
(d), only the reactor plants (CRBR and PLBR) appear i n  the a l te rna t ive  LMFBR 
Program plans, and PLBR i s  considered t o  be the essential element i n  obtaining a 
firm pro jec t ion  o f  fu tu re  c : m e r c i a l  LMFBR reactor p lan t  design, Thus the t iming 
f o r  PLBR design (or CBR design i n  those cases which do not include PLBR) i s  a major 
LMFBR Program strategy fac to r  which influences the t iming o f  safeguards program 
a c t i v i t y  (d) ,  whlch i s  prerequis i te t o  the ERDA management decision on fu tu re  LMFBR 
safeguards-related acceptabi 1 i ty. 

As indicated i n  Table I11 C-1,  i t  i s  judged t h a t  a c t i v i t y  (d) could be completed by 
1982, no l a t e r  than one year a f t e r  completion o f  PLBR design. This t iming would 

apply f o r  the reference LMFBR Program plan and f o r  plans 2, 4, 5 and 6, (See Table 
1.3-1). For plans 1 and 3,  a c t i v i t y  (d) would be completed i n  1984. For plan 7, 
i t  would be completed i n  1995. These relat ionships are i l l u s t r a t e d  i n  Figure 1.4-3. 
I n  addi t ion t o  the completion o f  a c t i v i t y  (d), which w i l l  permit a management 
decision on the widespread deployment o f  LMFBRs, demonstration i n  f a c i l i t i e s  placed 
i n  operation w i l l  provide continuing assurance tha t  nothing has been overlooked. 
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The times a t  which various f a c i l i t i e s  are expected t o  come i n t o  i n i t i a l  operation 
o r  go c r i t i c a l  are also presented i n  Figure 1.4-3. 

Since widespread comercia1 deployment o f  LMFBRs i s  not  expected before the l a t e  
199Os, i t  i s  apparent that  safeguards w i l l  not be a constraint on t h e i r  deployment 
under any o f  the al ternat ive plans reviewed i n  Section 1.3. 
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I .4D TRANSURANIC* HEALTH EFFECTS PROGRAM COMPATIBILITY WITH ALTERNATIVE LMFBR 
PROGRAM PLAN MILESTONES 

Despite the fact  that plutonium has been recognized as a hazardous radioactive 
substance ever since i t  was f i r s t  produced and i t s  health effects have been 
studied since that time, plutonium tox ic i ty  remains one o f  the most controversial 
issues i n  the nuclear power program. The subject o f  plutonium tox ic i ty  i s  discussed 
i n  V o l w  11, Section 4.7 and Appendix 1I.G o f  the PFES and the transuranic health 
effects program i s  described i n  Section I11 G. 

Transuranic health effects research i s  not easily categorized i n  terms o f  schedules 
and def in i t ive goals. The subject involves painstaking research on the toxic effects 
o f  a material fo r  which the effects may not become manifest i n  humans fo r  decades 
af ter  exposure. 
related to  plutonium exposure i n  humans, a variety o f  extensive studies are being 
conducted i n  order to define both effects and mechanisms resulting from the internal 
deposition o f  alpha-emitting radionuclides. This i s  a continuing ef for t ,  and, since 
information and concerns are not constant, i t  i s  not rea l i s t i c  t o  project that  the 

plutonium tox ic i ty  issue w i l l  be def in i t ive ly  resolved a t  some f ixed point i n  time. 

I n  the absence o f  any observed health effects to date which can be 

Nevertheless, there i s  a large program undemay (see Section I11 6) to  help resolve 
the transuranic health effects issue and th is  program has goals with approximate 
t i m e  schedules associated with each. Figure 1.4-4 shws the major research areas 
i n  which e f fo r t  i s  being focused and the t ime period i n  which results are expected. 
Results o f  research and development completed, underway or to  be in i t ia ted  i n  the 
near future w i l l  better define dose-response relationships and lead to improved 
radiation protectf on cr i te r ia  regarding exposures to  transuranics w i  th in  the next 
10-20 years. 

rransuranic - a l l  elements including plutonium with atomic numbers greater than 92. 
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The statement provided on May 27, 1975 by ERDA s t a f f  f o r  the Public Hearing on the 
LMFBR Program Proposed Final Environmental Statement contained a discussion on 
plutonium heal th e f fec ts  which i s  germane t o  t h i s  discussion: 

"One o f  the most controversial items under t h i s  generic issue i s  t ha t  o f  
plutonium tox i c i t y .  
t ha t  the t o x i c i t y  o f  plutonium has been impressed upon some members o f  
the general population as an unprecedented p e r i l  o f  such magnitude tha t  
the generation and USE! o f  plutonium should be avoided. This i s  a 
d is to r ted  p ic tu re  of what i s  known about plutonium i n  the environment. 

The comment l e t t e r s  received from the publ ic indicate 

"It i s  the view o f  the ERDA s t a f f  tha t  whether plutonium i s  more or  less 
hazardous than other natural and indus t r ia l  materials i s  beside the 
po in t  and obfuscates the rea l  issue, which i s  the extent o f  the hazard 
t o  which the population i s  exposed from a par t i cu la r  material.  The 
t o x i c i t y  o f  plutonium had been recognized long before the outset o f  the 
LMFBR Program and extraordinary measures have been taken i n  the nuclear 
power reactor program t o  i so la te  plutonium from the environment. It i s  
believed tha t  the data presented i n  Section 4.7 and Appendix 1 I .G  o f  
the Proposed Final  Statement amply demonstrate tha t  the hazard i s  very 
small indeed. 
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"flore specifically, concern regarding toxicity of plutonium and trans- 
uranic elements produced i n  the LMFBR fuel cycle appears t o  be based on 
the following points: 

a. 
b. 

Large quantities would be produced. 
Once released many of these elements will persist i n  the 
environment for thousands of years. 
Although there i s  no direct knawledge of effects in man, the 
toxicity of these materials i s  well demonstrated i n  experimental 
animals. 
Such effects as might conceivably occur may be indistinguishable 
from the normal i l l s  of mankind. 

c. 

d.  

"The concern about plutonium has crystallized i n  the presentation of the 'hot  
particle' issue, advanced principally by the Natural Resources Defense Council. 
This issue i s  t h a t  the health risks as presented i n  the PFES might be under- 
estimated because the possibility o f  carcinogenic risk t o  the respiratory 
tissues from small, discrete, highly radioactive alpha-emitting particles (hot 
particles) deposited i n  the lung might be very much greater t h a n  t h a t  obtained 
us ing  commonly accepted methodology. 

"This issue is  fully presented and discussed in the PFES. Subsequent t o  the 
issuance of the PFES, other organizations have published or are about t o  
publish independent analyses of the hot particle hypothesis. The Los Alamos 
Scientific Laboratory, the National Council on Radiation Protection and 
Measurements, the National Radiation Protection Board of the United Kingdom, 
and the Medical Research Council of the United Kingdom have independently 
analyzed the 'hot  particle' hypothesis, and i n  each case have found i t  neither 
supportable nor valid. The National Acadeny of Sciences i s  also examining 
this hypothesis a t  the request of both ERDA and EPA. 

"In  view of the evidence available and of the preponderance of scientific 
opinion, the ERDA staff position i s  tha t  i t  would not be prudent t o  make 
decisions based upon such a poorly supported hypothesis and tha t  the risk 
estimates used i n  the PFES reflect the best information and scientific 
j udgmen t ava i 1 ab1 e. 
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It should be noted tha t  the transuranic heal th e f fec ts  program i s  directed so le l y  
towards def in ing the 
the release rates term) f o r  the transuranic elements. Keepina the 
release rates t o  
the LMFBR Program waste management and safeguards, which have been 
discussed i n  t h i s  111, as we l l  as i n  the PFES. 

e f fec ts  o f  transuranic elements and does no t  address 

levels i s  a prime funct ion o f  other port ions o f  
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zu 11. 

This section i s  comprised o f  the seven-volume report, "Proposed Final Environmental 
Statement f o r  the Liquid Metal Fast Breeder Reactor Program," WASH-1535 (December 
1974), which i s  incorporated as an integral  par t  o f  the Final Environmental State- 
ment (FES) t o  the extent calnsistent wi th the Administrator's Findings of June 30, 
1975. 
Final Environmental Statement (PFES) should be considered as modified by ERDA's 
subsequent pol icy determinations on the basis o f  the FES. The PFES i s  distr ibuted 
under separate cover t o  those recipients o f  the Final Environmental Statement who 
have not previously received the report during the review and comnent process. To 
assist  the reader, a short description o f  the contents o f  WASH-1535 i s  provided 
i n  Figure 11-1. 

DESCRIPTION OF THE CONTENTS OF THE PROPOSED FINAL ENVIRUNPIENTAL STATEMENT 

I t should be noted that any pol icy  determinations found i n  the Proposed 

Volume I 

Volume I1  

Volurne I11 
Volume I V  

Volume v 
Volurne V I  

Volume V I 1  

Section 1 
Section 2 
Section 3 
Section 4 
Section 5 
Section 6 
Section 7 
Section a 
Section 9 
Section 10 

Section 11 
Appendl; x 
Appendi'x 
Appendix 

S m a r y  
Background 
LMFBR Program 
Environmental Inpact o f  the LMFBR Fuel Cycle 
Economic, Social and Other Impacts 
A1 ternative Technology Options 
M i  t i ga t i on  o f  Adverse Environmental Impacts 
Unavoidable Adverse Environmental Impacts 
Short Term Benefits and Long Term Losses 
I r revers ib le  and I r re t r ievable Comnitments o f  

Cost -Benef i t Anal ys i  s 
Conmnt Letters 1-25 and Responses 
Conment Letters 26-38 and Responses 
Conment Letters 39-66 and Responses 

Resources 

CONTENTS OF PROPOSED FINAL ENVIRONMENTAL STATEMENT 
F iguE  '11-1 

The Proposed Final Environmeiital S'tatem6nt was prepared i n  seven volumes, each 
containing one o r  more Sections, the t i t l e s  o f  which a r e ' l i s t e d  i n  Figure 11-1. 
A Table o f  Contents i s  contained i n  each volume and a sumnary i s  provided i n  f ront  
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of each Section. The outline and contents of the Statement generally follcw the 
subject coverage required by the National Environmental Policy Act (NEPA) of 1969. 

VOLUME I contains a summary o f  the entire Environmental Statement and background 
information on the U.S. energy economy, the LMFBR Program and the relationship 
between the two. I t  includes discussion of the past, current and projected uses 
of energy and i ts  importance t o  society, and describes the role of electricity, 
including t h a t  produced by nuclear reactors, in helping t o  meet the Nation's energy 
requirements. This volume also summarizes the origins and history of the LMFBR 
Program and provides a brief discussion of the several experimental and special 
purpose f a s t  reactors tha t  have been built i n  the United States since the late 
1940's. 
nations. 
the important program planning mechanisms, the key reactor plants nw under design 
and construction, and the various supporting studies on LMFBR costs, technology, 
environmental impacts, and program planning. This volume lays the background for  
examination o f  the environmental characteristics o f  the LMFBR. 

Volume I also reviews the fast reactor programs i n  other industrialized 
A discussion o f  the current U.S. LMFBR Program i s  offered which  highlights 

VOLUME I1 describes the direct environmental impact of each element of the LMFBR fuel 
cycle. I t  examines the power reactors, fuel fabrication plants and fuel reprocessing 
plants t h a t  make up the LMFBR fuel cycle and discusses for each the siting considera- 
tions, plant characteristics, effects on the environment from construction and normal 
operation, and environmental monitoring programs t h a t  together entail a complete 
environmental evaluation. Volume I1 also includes an evaluation of the potential 
environmental impacts of various types of accidents i n  the facil i t ies comprising the 
LMFBR fuel cycle. 
materials between these facilities and the management of radioactive wastes produced 
i n  LMFBR activities, and analyzes i n  detail the properties of plutonium and i t s  
behavior i n  the environment, and the resulting health effects. Extensive supporting 
data  are provided in the appendices t o  Volume 11. The volume concludes with an 
examination of the related sociopolitical impacts of the LMFBR. 

In  addition, this volume examines the transportation of radioactive 

VOLUME I11 examines individually the various a1 ternative technologies, nuclear as 
well as nonnuclear, t h a t  migh t  be utilized in conjunction w i t h  o r  instead of the 
LMFBR t o  satisfy the Nation's future electric power requirements. The options 
considered include the further implementation of various types o f  nuclear power 
reactors such as the already existing L i g h t  Water Reactor and High Temperature Gas- 
Cooled Reactor, as well as the development of alternative breeder reactors such as 
the Gas-Cooled Fast Reactor, Light  Water Breeder Reactor and Mol ten Salt Breeder 
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Reactor. The development of another potential nuclear energy system, controlled 
thermonuclear fusion, i s  also addressed. The possibilities of increased emphasis on 
the use of conventional fossil fuels, namely coal, oil and natural gas, and the 
development of unconventional fossil fuels such as oil shale and domestic tar sands 
are discussed next, followed by consideration of the further development of 
additional nonnuclear energy sources such as hydroelectric power systems, geothermal 
energy, solar energy, and other potential sources of power. Each opt ion  i s  examined 
as t o  the extent of i t s  energy resource base, the research and development program 
t h a t  would be required (ilF any) t o  br ing the option i n t o  commercial use, the 
environmental implications of i t s  utilization and the costs and  benefits associated 
w i t h  its use, in order t o  assess i t s  capability for satisfying projected energy 
requirements. This volume also discusses the use of improved energy eonversion and 
storage devices such as gas turbines, fuel cells and magnetohydrodynamics, and 
concludes w i t h  an examination of the various elements of a potential national effort 
in energy conservation t o  assess their capabilities for reducing projected energy 
demands and thereby rep1ac:ing pa r t i a l ly  or  entirely the need for  additional power 
sources such as the LMFBR. 

VOLUME IV provides a broad overview of the many implications of LMFBR Program imple- 
mentation, u p  t o  and encotripassing a fully developed LMFBR power plant economy, 
including the secondary impacts, the unavoidable adverse environmental impacts, 
cumulative environmental impacts, and cost-benefi t analyses, and also discusses 
alternative energy strategies. 
the national implications of the availability of electricity from LMFBRs, and the 
specific economic impacts of the LMFBR Program. This volume also discusses the 
currently feasible alternatives and potential future a1 ternatives -for mitigating 
adverse environmental impacts o f  the LMFBR fuel cycle, and i n  this context analyzes 

the problems of safeguarding special nuclear material from potential diversion t o  
unauthorized purposes. Also covered i n  Volume IV are the cumulative environmental 
effects of LMFBR operation t o  the Year 2020, the decommissioning of LMFBRs and fuel 
cycle facilities upon the completion of their useful l i fe ,  the irreversible and 
irretrievable commitments o f  resources that will accompany implementation of an LMFBR 
econoqy, and an analysis o f  the costs and benefits of implementing the LMFBR Program. 

Under the heading of secondary impacts, i t  examines 

VOLUMES V - VI1 contain copies o f  all  formal comments received on the Draft 
Statement and copies of the AEC's replies. Where appropriate, these comments have 
been identified and discussed i n  the text, and are further identified by footnotes 
indicating the letter and page rider i n  which the comment appears. 

For the convenience of the reader, the major topics contained i n  the PFES are 
sumnarized i n  a Table of Contents beginning on the following page. 
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SECTION 111 

SUPPLEMENTAL MATERIAL 



INTRODUCTION 

Section I11 includes rev'isions o f  material presented i n  Section 11 (Proposed Final 
Environmental Statement (PFES), WASH-1535) as well as supplemental material requested 
on a number o f  issues as a r e s u l t  of review o f  the wr i t ten comments received, the 
testimony presented a t  the Public Hearing held on May 27-28, 1975, the Report t o  the 
Administrator by the Internal  Review Board (see Section IV 8) and the Findings o f  
the Administrator (see Section I V  A). This Section should be consulted whenever 
Section I1 i s  used t o  determine whether revised or  supplemental material has been 
provided. 

Section 111 A includes substantive revisions t o  the tex t  o f  the PFES as appropriate 
to  correct errors o r  update data which has changed s jgn i f i can t l y  enough to  qual i fy  
conclusions reached i n  the PFES. 
errors which are self-evi'dent o r  updating o f  that  data which would not s ign i f i can t l y  
bear upon the conclusions reached. 

I t does not contain corrections o f  typographic 

Section I11 B provides supplementary information on the LMFBR safety program i n  order 
to  more completely define the steps being taken to  assure the safety o f  the LMFBR. 

Section I11 C supplements the safeguards information provided i n  the PFES i n  response 
t o  requests f o r  a more coniplete de f i n i t i on  of the program being pursued t o  assure 
that  a widespread LMFBR e l e c t r i c i t y  generating economy w i l l  be adequately protected 
against sabotage, diversialn of nuclear materials and other ant isocial  acts. 

Section 111 0:  a) discusses the present s i tuat ion wi th  regard to  migration o f  
rad ioact iv i ty  from comnercial low-level waste bur ia l  grounds; b) discusses an issue 
not f u l l y  treated i n  the PFES, namely doses due to C14 releases in the LMFBR fuel 
cycle; and c) updates the discussion o f  the waste management program presented i n  
the PFES. 

Section I11 E provides addit ional Information o r  measures being taken t o  develop 
data wi th  which t o  better define the Nation's uranium resources. 

Section XI1 F provides addit ional cost-benefit analyses i n  two areas: a) alterna- 
t i v e  nuclear and non-nuclear energy strategies and b) updated cost-benefit analyses 
u t i l i z i n g  more current information on uranium and separative work prices, 

Section I11 G describes the ERDA program on transuranium health ef fects  i n  greater 
deta i l  than was provfded i n  the PFES. 
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Section 111 H describes the current program f o r  developing solar e lec t r i c  and 
control led thermonuclear fusion energy systems. These systems have been iden t i f i ed  
i n  ERDA-48, "A National Plan f o r  Energy Research, Development and Demonstration: 
Creating Energy Choices f o r  the Future" as "inexhaustible" a1 ternative energy options 
f o r  the long-term along wi th  the breeder reactor. The discussion presents the 
ERDA plan f o r  development o f  these systems and the milestones f o r  achievement 
o f  the goals as presented i n  ERDA-48. 
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SECTION I11 A 

REVISIONS TO TEXT OF 

- PROPClSED F I N A L  ENVIRONMENTAL STATEMENT 



Section 1 - SUMMARY - Vol.1 
page 1.3-2 - line 12 - change "The LMFBR power plant site would occupy a 

minimum area..." to read: 
area. . . 'I. 

"The LMFBR power plant site would occupy an 

This change avoids the implication that 10 CFR 100 sets forth the acreage 
required for a plower plant site; it does not. 

Section 2 - BACKGROUND - Vol, I 
paae 2.1-7, paragraph 2, line 8 - "Na ion" should read "Nation" 

Section 3.5.2s - THE CLINCH RIVER BREEDER REACTOR - Vol. I 

CRBRP PROJECT MANAGEMENT ARRANGEMENTS 

Since the issuance of the PFES, several important changes in the Clinch River 
Breeder Reactor Plant (CRBRP) Project management arrangements have been 
proposed and are currently in the process of being approved and implemented. 
These changes recognize that the continuation of the Federal Government's 
financial commitment t o  the CRBRP Project, with a fixed financial comnitment 
from the electric utilities, required alignment of direct management authority 
with the much larger financial responsibilities of the Government, and 
integration and stream1 ining of the management mechanism for executing the 
Project under single direction. The Project Management Corporation (PMC) , 
while no longer responsible for the direct management of the Project, will 
administer the utilities' interests in the Project. Legislation is pending 
before Congress which would give the Joint Committee on Atomic Energy the 
authority to approve the proposed changes in CRBRP Project management 
arrangements. 

In cooperation with the several principal participants in the project, a 
management structure i!; being established as a single, integrated organization, 
designated as the Clinch River Breeder Reactor Plant Project Office, to be 
staffed by both Government and industry personfieel. The Director, CRBRP Project 
Office, an ERDA official serving under the management direction of the 
Director, Division of Reactor Research and Development (RRD), will supervise 
the entire CRBRP Project Office staff and manage the Project. Functions and 
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responsibilities for the Project may be delegated to the Director, CRBRP 
Project Office, or others, by the Director, RRD. 

The General Manager, PMC, will be Assistant Director in the office of the 
Director, CRBRP Project Office. He will play an active and leading role in 
overall project planning, engineering and executton, though he will not be 
authorized to directly control Project activity. The PMC will have a small 
office - 3 to 5 people - for the conduct of business that is appropriately 
that of PMC, such as the hiring of PMC personnel for the Project Office 
staff, providing financial accountability for utility industry funding 
furnished to the Project through the Breeder Reactor Corporation (BRC), 
providing liaison between the participating utilities and the Project Office, 
and keeping the utility industry informed of Project activities through the 
BRC. This PMC office will be co-located with the Project Office. 

The fundamental premise for operation of the Project Office is that the 
Federal Government and the utility industry will organlze, staff, and conduct 
business in a way that provides for a single, integrated management that 
recognizes and accepts control of the Project by the Government while affording 
wide opportunity for the participating utilities to have a voice and exercise 
a strong, active management role through the PMC organization. 
the Energy Research and Development Administration will head the offices that 
generate pol icy, give final approval to requirements, commit Government 
resources, and give final acceptance and approval of contractor action. ERDA 
employees will also head the organizational elements responsible for fiscal 
and financial management as well as cost and schedule control. 

Employees of 

Staffing of the CRBRP Project Office will include both ERDA and PMC employees. 
PMC employees on the Project Office staff will be hired and paid by PMC but 
will be responsible to the Director, CRBRP Project Office. Persons employed 
through PMC will be given responsible, meaningful supervisory jobs in order 
that the utility industry can contribute from its wide range of skills and 
experience while at the same time developing these career utility employees 
through participation in the breeder reactor technology programs, and in 
plant design, construction and operation. 
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Section 4.1 - INTRODUCTION - Vol. I1 

page 4.1-9, Table -- 4.1-2 - "27,700" should be "22,700". 

Section 4.2 - LMFBR POWER PLANTS - Vol . I1 

page 4.2-3 - de le t e  the l a s t  sentence of the second paragraph i n  section 
4.2.2.1. T h i s  delet ion avoids the implication of presumption w i t h  
respect t o  future act ions by the Nuclear Regulatory Commission, which 
was not intended. 

page 4.2-60, second paragraph, l ine 7 - dele te  "and free oxygen". T h i s  i s  an 
e r ro r .  

page 4.2-64, l i n e  4 - change t h e  sentence beginning:  "Thus ,  o f  utmost 
importance ..." t o  read: 
an LMFBR p lan t ,  I t  is of considerable importance t o  pay a t t en t ion  t o  the 
horizontal and ve r t i ca l  extent of the thermal plume". 

"Thus,  i n  the choice of the cooling method f o r  

Use of the word "utmost" involved the unintended implication tha t  the 
configuration o f  the thermal plume is v i r t u a l l y  the only consideration 
i n  the choice of cooling method. Other important f ac to r s  a r e  a l so  
involved . 

page 4.2-102, paragriiph beginning  a t  bottom of page, l ine 8 - change ' I . . .  

Reports f o r  Nucll ear  Power P1 an ts .  126'i t o  read: 
Power Plants ,  f o r  guidance i n  implementing the regulat ions.  126,, 

"...Reports f o r  Nuclear 

page 4.2-122, fourth paragraph, f i r s t  sentence - change t o  read: 

"The reac tor  shutdown system and containment i so l a t ion  system will employ.. .Ii 

Inser t ion o f  the word i I w i l l i i  emphasizes t h a t  t h i s  is a requirement and not 
an acco-mpl ished fac t .  

page 4.2-153, f i r s t  paragraph, l a s t  sentence - change t o  read: 
1 .  

"The most prototypic experiments &ich have been performed t o  da t e  i n  the 
TREAT reactor  have produced conversion efficiencies of no more than 0.2%." 
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Add the sentence: 

"The interpretation of TREAT experiments t o  LMFBR accident sequences i s  
discussed in more detail i n  ANS-RAS-74-19 (particularly Chapter 4)  .'I 

The use of the phrase "under prototypic LMFBR accident conditions" was 

inappropriate. 

page 4.2-153, second paragraph, f i r s t  sentence - change t o  read: 

"The experimental and analytical evidence 171-177 t o  date., .'I 

page 4.2-140, las t  paragraph, f i r s t  sentence - change t o  read: 

"Analyses144 of large pipe ruptures for current LMFBR designs.. ." 
Insertion of the words "for current LMFBR designs" i s  intended t o  emphasize 

the fact t h a t  such analyses are dependent on specific plant design features 
and should be associated w i t h  specific plants. 

page 4.2-141, f i r s t  paragraph. f i r s t  sentence - change to  read: 

"Since the analysis o f  pipe ruptures f s  dependent on specific design 
features, potential pipe ruptures will continue to be assessed for each 
LMFBR. I' 

page 4.2-146, fourth paraqraph - insert the following sentence just before the 
last sentence of the paragraph: 

"While the disassembly energy potential depends on the specific reactor 
design and cannot be defined w i t h i n  narrow bands, i t  is expected t h a t  R&D 
efforts will, i n  the not very distant future, provide a basis for the 
conclusion t h a t  core disruptive accidents resulting i n  the generation 
of significant amounts of mechanical energy are physically unrealizable." 

page 4.2-148, f i r s t  paragraph, las t  sentence - insert the word "tentative" 
before "conclusion" and add the following sentence: 

"Further study of repeated and continued cr i t ical i ty  is planned." 



page 4.2-159 - i n s e r t  the fo l low ing  sentence a f t e r  the f i rst sentence under 
sect ion 4.2.7.8.3: 

"Detai led assessments f o r  reactors l a rge r  than FFTF are n o t  y e t  avai lable, 
and m r e  analysis i s  needed t o  understand the e f fec ts  o f  possible l a rge r  
sodium void ing and c lad / fue l  motion r e a c t i v i t y  e f fects  on the  energetics 
o f  an HCDA." 

delete the words: 
sentence. 

"As noted" appearing a t  the beginning o f  the second 

page 4.2-214 - paragraph beginning "The tornado design bases. . . ' I ,  change: 

"300 mph" t o  "290 mph" 
"60 mph" t o  "70 mph" 
"3 p s i  i n  3 seconds" t o  "2 p s i  per second" 

These changes conform the paragraph t o  the recommendations o f  Regulatory 
Guide 1.76 - Design Basis Tornado f o r  Nuclear Power Plants. 

Section 4.3 - FUEL FABRICATION PLANTS - VOL. I1 

page 4.3-76, f i rst  paragraph under 4.3.8.1, l i n e  6 - delete the sentence 
beginning "AEC D iv is ion  o f  Construction.. . I t  and replace with: 

"AS provided i n  10 CFR Par t  70, Section 70.23(b), ' the  Commission w i l l  approve 
const ruct ion of the p r inc ipa l  structures, systems and components of a plutonium 
processing and fuel fabr ica t ion  p lan t  on the basis o f  in format ion f i l e d  
pursuant t o  § 70.22(f) when the Commission has determined t h a t  the design bases 
o f  the p r inc ipa l  structures, systems and components, and the q u a l i t y  assurance 
program provide reasonable assurance o f  p ro tec t ion  against natura l  phenomena 
and the consequences o f  po ten t ia l  accidents I .  I' 

page 4.3-108 - Reference 70 i s  'deleted. 

Section 4.4 - FUEL REPROCESSING PLANTS - VOL. I1 

page 4.4-42, Table 4.4-4 - The concentrations f o r  cm-242 should be 7.69E-12 
and 1.82E-11, no t  7.69E-11 and 1.82E-10. 
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Section 4.5 - TRANSPORTATION OF RADIOACTIVE MATERIALS - Vol. I 1  

page 4.5-34, paragraph 4, l i n e  4 - "8.05 year" should read "8.05 day". 

page 4.5-41, l a s t  paragraph - place an asterisk a f t e r  "special-form" and add 
the following footnote: 

"*The use o f  special-form inner packages f o r  Pu02 i s  assumed here, 
although not current ly required." 

Section 4.7 - PLUTONIUPI TOXICITY - Vol. I1 

page 4.7-10 - Since the PFES was prepared, several papers ' * ' ' have been 
presented o r  published which are relevant t o  the estimates o f  r i s k  f o r  
exposure to plutonium discussed i n  Sections 4.7.6 and I1 6-5. 

1 Bair  and Thomas present estimates o f  the r i s k  o f  lung cancer i n  the r a t  
based on data from numerous observations on experimental animals exposed 
to various compounds o f  a1 pha-emf t t i n g  transuranic radiolnucl ides, 
including very recent observations o f  Sanders on rats  receiving lung 
doses down t o  approximately 1 rad f r o m  238Pu02 and 239Pu02. They conclude 
that the lung cancer r i s k  f o r  rats fm inhaled alpha-emitting radio- 
nuclides i s  8 x 
These values are not very d i f fe ren t  f r o m  those presented i n  Table 4.7-4 o f  
the PFES. 

2 

per rad (16 x per rem) f o r  insoluble compounds. 

Risk estimates based on human experience have been published recently by 
Bair  and Thomas', Hays3, and the Medical Research Council o f  the United 
Kindgorn4. These have not been reviewed by the BEIR comnittee o f  the 
National Academy of Science. The r i s k  estimates f o r  lung and bone are 
very s imi lar  t o  those used i n  the PFES; those f o r  l i v e r  are up t o  an 
order o f  magnitude higher. The authors point  out that  t h e i r  l i v e r  r i s k  
estimates are very uncertain because o f  possible ef fects associated with 
the chemical carcinogenicity o f  t h o r o t r a ~ t " ~ ,  and differences i n  
aggregation between thorotrast and plutonium i n  the l i v e r  . 4 

n 
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I 

1 

Considering the uncertaini t i e s  involved, none of these recent r i s k  
estimates appear t o  substantively af fect  the descr ipt ion of po ten t ia l  
hazards o f  plutonium presented i n  the PFES. 

1. Bair, W. J .  and Thomas, J.M., "Predict ion o f  the Health Effects of 
Inhaled Transuranium Elements from Experimental Animal Data, 'I 
Presented a t  the Internat ional  Atomic Energy Agency Symposium on 
Transuranium Nuclides i n  the Environment, San Francisco, Cal i fornia,  
November 17-21, 1975. 

Sanders, C.L., "Inhalat ion Carcinogenesis of High-Fired 238Pu02 and 
239Pu02 i n  Rats," submitted f o r  publ icat ion. 

2. 

3. Medical Research Council, "The Tox ic i ty  of Plutonium," Her Majesty's 
Stat ionery Office, London, 1975. 

4. Mays, C.W., "Estimated Risk from 239Pu t o  Human Bone, Liver, and 
Lung," Presented a t  the Internat ional  Atomic Energy Agency Symposium 
on the Biological  Ef fects of Low-Level Radiation, Chicago, I l l i n o i s ,  
Movember 3-7, 1975. 

page 4.7-11, Table _I_- 4.,7-2 - Revised Table i s  provided. Revisions per ta in  t o  
col  urn "Reference t o  Appendix Tables. '' 

page 4.7-12, Table -- 4.7-3 - Revised Table i s  provided. Revisions per ta in  t o  
column "Fal lout Plutonium from Weapon Tests" and t o  footnote c. 

page 4.7-15, Table 4.7-4 - Change footnote a t o  read "Condensed from 
Tables II..G-22 and I 1  .G-23, Appendix I1 .G.5.3. 

Appendix 1 I . G  - PLUTONIUM TOXICITY - Vol. I1 

page 1I.G-7, Table I1.G-2 - under "Type of Accident" column, delete "Class 9l' 
and subsitute "H.ypothetica1 ' I .  

page 11.6-46, Table 1I.G-15 - Revised Table i s  provided. Revisions per ta in  t o  -- 
column "Dose Equivalent t o  Current Generation from Fal lou t  Pu". 

Section 6A.l.l - LIGHT WATER REACTORS - Vol. I11 

page 6A.1-3, Table -- 6A.1-2 - Estimated U.S. Uranium Resources, has been 
superseded by revised estimates. See Table 111 E - I  i n  Section I11 E of 
t h i s  volume. 
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Table 4.7-2s 

SUMMARY OF PRINCIPAL MODEL ASSUMPTIONS AND PREDICTIONS 

For Generating For Year 2020 
Reference to Capacity of Generating Capaci ty 
Appendix Tables 1000 Me-year o f  2,200,000 We-year 

Transuranics Released to A i r  ( C i )  I 1  .G-1 0.36 8 x log1 
I n i t i a l  Transuranic Concentration i n  Soi l  11.6-8 1 x 2 1 0 - l ~  

(Ci/g - a l l  i n  top 20 cm) 

I n i t i a l  Transuranic Concentration t n  Food (Ci/g) 1I.G-8 1 2 x 

Transuranics Ingested by U.S. Population (Ci) I I .G-8 4 x 9 

Absorbed from G.I. Tract (Ci) 11 .G-8 4 x 10’lO 9 
Y 

n U Transuranics Inhaled by U.S. Population 

f ca Direct ly  Inhaled (Ci) I1 .G-5 1.4 3 x 

Inhaled a f t e r  resuspension 

During f i r s t  2 years ( C i )  I I .G-5 0.8 2 x 

After f i r s t  2 years (Ci) I1 .G-5 2.5 6 x 

Total Inhaled (Ci) I 1  .G-5 5 1 

To lung (man-rem) 1I.G-10 4 9 l o 3  

To 1 i ver (man-rem) I1 .G-12 11 2 l o4  

Radiation Dose to U.S. Population from Transuranics 

To bone (mn-rem) I1 .G-11 26 6 x lo4 

To thoracic lymph nodes (man-rem) 

To gonads (man-rem) 

I 1  .G-13 200 

I1 .G-14 0.4 

4 l o 5  
9 x l o 2  



. 

c c 
Table 4.7-3s 

COMPARISON OF ESTIMATED EXPOSURE FROM LMFBR TRANSURANIC ELEMENT 
RELEASE WITH EXPOSURES FROM OTHER SOURCES 

Transuranic Fa1 1 out 
Release f r o m  Plutonium- Plutonium Naturally Total 
LMFBRs ina Exposed,, from Weape Occurring d Natural d 

Units Year 2020 Workers ons Tests a-Ems t t e r s  Radi a ti on 

Total Released t o  A i r  c i  0.8 16,000 

Concentration i n  Soil  10-l8 Ci /g  n;2 4,000 

Concentration i n  Plant- 

Total Inhaled by U.S. 

Total Deposited i n  U.S. 

Dose Equivalent t o  U.S. 

Derived Food ci/g 2.0 

c1 Y Population c i  1. 

? 
I4 

Populat-ion CI L D  

Popul a ti one 

0.5 

400 

60 10,000 

0.9 320 80,000f lo4 4 man-rem Lung 

Lf ver lo4 man-rem 2. 340 

Gonads 10 man-rem 

Bone lo4 man-rem 6. 680 50.000 200,000f 

Lymph nodes lo4  man-rem 40. 19,000 
0.09 5,000 60,000 

‘Estimated release for an assumed generating capacity o f  2,200,000 Me-year. Numbers taken f r o m  Table 4.7-2. 
bNunbers derived i n  Appendix II.G.5.1. 
‘Nwbers derived i n  Appendix 11.6.3 and II.G.5.1. 
dNumbers derived i n  Appendix II.G.5.2. 
eDose equivalent from WFBR release i s  a 70-year dose commitment (30 years f o r  gonads) t o  a l l  persons exposed f o r  a l l  
time. Dose equivalent from f a l l o u t  plutonium i s  a dose comnitment to  the Year 2000 f o r  a l l  p rsons exposed f r o m  1954 

exposure f o r  gonads). 
to 1972. Dose equivalent f r o m  natural radiat ion i s  calculated for 70-year exposure o f  2 x 10 Q people (30-year 

fDose to bone-lining cel ls.  



Table 1I.G-15s 

ESTIMATED MAN-REM EXPOSURE FROM FALLOUT PLUTONIUM AND FROM 
LMFBR TRANSURANIC RELEASES 

Organ 

Dose Equivalent 
To Current Generation 

from Fa1 l o u t  Pua 
(man-rem) 

Dose Equivalent t o  a l l  Subsequent 
Generations f r o m  LMFBR 

Transuranic Releases (man-rem) 
For Generatina CaDaci t v  For Year 2020 Generating .~ 

o f  1000 MG-Yearb " Capacity o f  2,200,000 We-year 

4 Lung 3.2 x lo6 4 0.9 x 10 

Bone 6.8 x lo6 17 4. 104 

2. l o4  L i ve r  3.4 x lo6 7 

Lymph nodes 190 x lo6 200 40 104 

Gonads ---- 0.23 0.05 lo4 

0 aEstimate o f  Bennett, based on New York City a i r  concentrations.6 
bDerived i n  Tables 1I.G-10 to  1I.G-14. 



page 6A.1-9, Section bA.1.1.2.2 - The sentence beginning: "AS depicted i n  
Figure 6A.l-56..." (8 l ines from top o f  page) should be deleted and 
replaced by the fol lowing two sentences: 

"The U.S. 
depicted 
demand7 
U.S. (see 

and foreign uranium supply-demand s i tuat ion through 1985 i s  
n Figure 6A.1-5 . Beyond 1985, the foreign uranium supply- 
s i tuat ion i s  expected t o  be much l i k e  that  projected f o r  the 
fol lowing section and Section 6A.1.1.8)." 

6 

paqe 6A.1-9 - The f i r s t  sentence i n  Section 6A.1.1.2.3 should be deleted 
and replaced by the fol lowing sentence: 

"Uranium production i n  the U.S. i s  currently a t  the rate o f  12,000 tons o f  
U308 per year (1974) but w i l l  need to  increase rapidly -- i n  the range o f  
30,000 t o  36,000 tons/year by 1980 and 84,000 to  125,000 tonslyear by 1990 
-- to  keep up w i th  estimated demand." 

page 6A.1-26 - Delete ,the footnote and replace with the following: 

"*The Light Water Reactor industry contanplates the use o f  Pu02 i n  l i e u  
of enriched U% 'In some replacement fuel  cores. I t  should be noted, 
however, that  the Nuclear Regulatory Comnission has not ye t  made a 
decision on whether t o  permit comnerical recycl ing o f  plutonium i n  
l i g h t  water reactors." 

page 6A.1-46, Table 6A,,1-5 - change ( C i / l i t e r )  t o  read (pCi / l i ter )  i n  
headings for t h i r d  and f i f t h  columns i n  Table. 

page 6A.1-47 - The last; sentence o f  the middle paragraph, beginning: "The 
volume o f  vent i la t ing air.. .." should be deleted and replaced by the 
fol lowing sentences: 

"The volume o f  ventdlat ing a i r  discharged from underground uranium mines i s  
large i n  comparison wi th  other mines, because o f  the need t o  d l l u t e  radon 
gas emanating from the uranium ore. While.the discharged mine a i r  may 
contain s igni f icant total quanti t ies o f  rock dust and radioactive gases, 
the large quanti t ies o f  d i luent a i r  carrying these materials - combined 
w i th  natural dispersion i n  the atmosphere - resu l t  i n  concentration levels 
a t  the s i t e  boundaries usually several orders of magnitude lower than the 
standards prescribed i n  the Code o f  Federal Regulations: 10 CFR 20." 

crs 
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This change serves t o  remove the impl icat ion t h a t  a i r  leaving mine vent 
shafts i s  necessarily w i th in  allowable radon concentration levels without 
fu r ther  atmospheric d i l u t i on .  

page 6A.1-54 - paragraph beginning "Chemical, Chemical releases ..." - delete 
the words "are neg l ig ib le  and". 

pages 6A.1-61 through 6A.1-66 - Tables 6A.1-9 and 68.1-10 were extracted from 
the document "Environmental Survey o f  the Nuclear Fuel Cycle," November 1972 
prepared by the U.S. Atomic Energy Commission, Directorate o f  Licensing. 
These tables have been updated i n  WASH-1248, Environmental Survey o f  the 
Uranium Fuel Cycle, dated A p r i l  1974. The reader i s  advised t o  r e f e r  t o  
Tables S-3 and S-3A o f  WASH-1248 f o r  the revis ions t o  the data presented 
i n  Tables 6A.1-9 and 6A.1-10. 

page 6A.l-72 - I n  Coal column, change 2.3 metr ic tons t o  read 2.3 m i l l i o n  tons. 

page 6A.1-73 - The fol lowing Note should be added t o  the footnotes f o r  
Table 6A.1-11: 

"Note: This Table has been compiled from a d i f f e r e n t  source than Tables 
6A.1-9 and 6A.1-10. The LWR values given under ENVIRONMENTAL DEGRADATION 
d i f f e r  from the preceding Tables p r i n c i p a l l y  because the impacts of the 
LWR power p lan t  are included here, Also, assumptions used i n  making 
calculat ions d i f f e r  (e.g. 75% capacity fac to r  vs. 80% capacity factor). '  

page 6A.1-82 - References f o r  Section 6A.1-1: 

l i n e  1, "Status o f "  should read "Status and". 

Reference 8 should be changed t o  read: 

8. USAEC, O f f i ce  o f  Planning and Analysis, "Nuclear Power Growth 
1974-2000", Report WASH-1139(74), Washington, D. C. , February 1974. 

Reference 12 should be changed t o  read: 

12. USAEC, Directorate o f  Licensing, "Environmental Survey o f  the 
Nuclear Fuel Cycle," Report WASH-1248, Washington, D. C., Ap r i l  1974. 
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page 6A.1-127 - Insert  the following paragraph direct ly  following the f i r s t  
paragraph under 6A.1.4.1.3 Status: 

"An evaluation of a conceptual GCFR has been completed by the Regulatory 
s taff .  The resul ts  are  provided i n  the report, 'Pre-application Safety 
Evaluation of the Gas Cooled Fast Breeder Reactor', USAEC Directorate 
of Licensing, Project No. 456, August 1 ,  1974." 

Section 68.2 - FOSSIL FUELS - V o l .  I11 

page 6A.2-54, Section 6A.2.3.1.1 - First sentence: change the words "about one- 
t h i r d  mineral matter" to  read "over one-half mineral matter." 

page 6A.2-58 - Note: l a s t  sentence preceding Section 6A.2.3.1.3; i t  is not 
s t r i c t l y  correct t o  say tha t  "The leasing program's goal ... is ... 
1,000,000 bbl ... per day ,..'I because more acreage t h a n  that  involved i n  
the leasing program would be required for  this rate  of production. 
page 6A.2-65. 

See 

paqe 6A.2-65, Section 6A.2.3.5 and page 6A.2-67, Section 6A.2.3.7.1 - Note: 
Cost estimates for  shale o i l  production have risen to approximately four 
times t h e  cost  estimates prevailing a t  the time the PFES was prepared. 
Recent estimates a re  i n  the range of $11-14 per barrel. 

Section 68.4 - GAS TURBINES - Vol . I11 

paqe 68.4-8, first paragraph, item 4 - delete sentence i n  parentheses "(Some 
plants have operated 30,000 hours without maintenance. )'I - replace w i t h  
"(Some plants have operated for  about 3,000 hours without maintenance 
and 10,000 - 20,000 hours without major overhaul.)" 

Section 68.10 - MAGNFTOHYDRODYNAMICS - Vol. I11 

page 6B.10-10 - delete the l a s t  sentence of the f i r s t  paragraph. The sharp 
rise i n  foss i l  fuel costs over the l a s t  several years suggest tha t  even 
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the higher e f f i c i ency  tha t  might be achieved w i th  the successful 
ment o f  open-cycled fossi l - fueled MHD plants might not be s u f f i c  
make t h i s  concept economically at t ract ive.  

develop- 
ent t o  

Section 7.2 - CURRENTLY FEASIBLE ALTERNATIVES - Vol. I V  

page 7.2-8, f i f t h  l i n e  from top o f  page - inse r t  "but less than 76 ft" a f t e r  the 
words "a t  l eas t  44 ft". 

Section 7.4 - SAFEGUARDS - Vol. I V  

page 7.4-44 - delete the l a s t  sentence preceding section 7.4.7.2.2 and 
subst i tute the following: 

"A series o f  regulatory guides has been issued on the subject o f  physical 
protect ion .1611 

Delete the l a s t  sentence i n  the f i r s t  paragraph o f  Section 7.4.7.2.2 and 
substi tute: 

"An example i s  the requirement tha t  t ransfer o f  custodial 
respons ib i l i t y  f o r  SNM be documented." 

page 7.4-45 - add the fol lowing a t  the beginning o f  the f i r s t  sentence: 
"Subject t o  cer ta in  exceptions i den t i f i ed  i n  10 CFR73 ....'I 

page 7.4-94 - t o  reference 16 add Regulatory Guides Nos. 5.15, 5.20 and 5.27. 

Section 8.2 - FUEL CYCLE ENVIRONMENTAL IMPACT - Vol. I V  

page 8.2-4, second paragraph, l a s t  sentence - delete " w i l l  not" and subst i tute 
"are not expected to". 
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Section 11.1 - FORMULATION OF THE COST-BENEFIT ANALYSIS - Vol. I\( 

page 11.1-19 - delete the three f u l l  paragraphs, and replace w i t h  the fo l lowing 
two paragraphs: 

"AS discussed i n  Section 6, the estimated costs o f  so la r - to -e lec t r i c  
power systems a r e  high, general ly exceeding $lOOO/kW(e). I n  most cases 
the estimates are f o r  systems tha t  do not incorporate s u f f i c i e n t  energy 
storage capacity t o  provide a f i r m  power source. Such plants could be 
valuable as a means o f  displacing the burning o f  f ue l s  i n  conventional 
power plants. It i s  concluded, therefore, t h a t  solar- to-electr ic 
conversion systems have poor prospects f o r  economically competing w i th  
coal, nuclear, o r  geothermal energy f o r  a t  l eas t  several decades. 

Most experts agree tha t  the best opportunity f o r  the appl icat ion o f  
solar energy i s  i n  the heating and cool ing o f  bui ldings. The NSF/NASA 
Solar Energy Panel estimated t h a t  10% o f  the thermal energy f o r  
bui ld ings could be supplied by solar i n  the year 2000, and 35% i n  2020. 
This appl icat ion could displace some e l e c t r i c i t y  that would have been 
used f o r  space heating, cooling, and water heating i n  bui ldings. Based 
on the NSFINASA project ions o f  market penetrat ion f o r  the solar heating 
and cool ing o f  bui ldings, it i s  estimated tha t  e l e c t r i c i t y  displacement 
could amount t o  2% i n  the year 2000, and 5% i n  2020. These f igures were 
adopted as represtmtative o f  a reasonable po ten t ia l  impact o f  solar energy 
an e l e c t r i c i t y  demand." 

Section 11.2 - ECONOMIC COST-BENEFIT ANALYSIS - Vol. I V  

page 11.2-5, t h i r d  paragraph, t h i r d  l i n e  - "10 9 gigawatts" should read "10 9 

watts''. 

page 11.2-82, paragraph 2, l i n e  2 and page 11.2-128, l i n e  19 - "National" 
should read "Natural ' I .  



Volume V - LETTERS 

page V.3-6, l i n e  7 - "Section 11.4.1.1.2" should read "Section 11.1.2.1 . l"  

page V.3-6, l ine  8 - "Section 11.3.2.2 "should read'' Section 11.1.3". 

page V.3-6, l ine  10 - "Table 11.3-1 and Figure 11.3-1" should read "Table 
11.1-6". 

page V.15-17, l a s t  line of response - "Section 11.2.3.3.3" should read 
"Section 11.2.4.3.2". 

page V.18-19 - response t o  Comment 4 ,  l i n e  8, "Section 6A.1.1.2.3" should read 
"Section 6A.1.1.8" 

page V.25-35 - response t o  Comment 4, l i nes  4 and 5,  "Appendix A o f  Section 11" 
should  read "Appendix IV-B." 

page V.25-44 - response to  Comnent 28, line 2, "Figure 11.2-36" should read 
"Figure 11 .2-19". 

Volume VI - LETTERS 

page VI.34-22 - response t o  Comment 2, l i n e  1 ,  "Table 11.2-7" should read 
"Table 11.2-2". 

page V1.34-27, - response t o  Comnent 8. line 3, "Section 11, Appendix A" should 
read "Appendix IV. B" . 

page VI.38-339 - response to  Comment 2,  l i n e  2, "Section 11.3 and 11.4" should 
read "Sections 11.1 and 11.2". Line 3, "Section 11.4" should read 
"Section 11.2." 

page VI.38-340 - Pine 1 ,  "Section 11.4.1'' should read "Section 11.2". 
Paragraph 2, l ine  8, "Section 11.4.1 does demonstrate" should read 
"Sections 11.1 and 11.2 demonstrate." 

0 
page VI.38-344 - response t o  Comment 9, line 6 ,  "Section 11.2.3 "should read 

"Appendi x IV . B" . 
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page V1.38-381 - l as t  paragraph before NRDC Cment  3 should be deleted. 
Section 10.4 was n o t  included i n  the PFES. Material intended for  
Section 10.4 was incorporated i n  Section 4.6.  

page VI.38-384 - response t o  second commento line 1,  "Section 11.4" should 
read "Section 11. 'I 

page VI.38-387 - First response, las t  line, "Section 11.2.4.7" should read 
"Section 11.2.3.7." 

page VI.38-401 - Next t ,o  las t  l ine,  "Section 11.2.3.2" should read "Section 
11.2.2." 

Volume V I 1  - LETTERS 

page VII.42-114 - Response t o  Comment 9,  line 5, "11.2.4.7" should be 
"11.2.3.7". Last 'line, "Table 4.1-4" should read "Table 4.1-2." 

page VII.42-125 - l as t  'line, "460" should be "340". 

page VII.42-126 - line ' I ,  " i s  more than" should read "approaches". 

page VII.53-194 - paragraph 4 ,  "Section 11.2.4.2" should read "Section 11.2.3.8". 

page VII.53-196 - Response t o  Comnent C.7, line 2 ,  "Section 11.2.4.7" should 
read "Section 11.2.3.7". Line 3, "References 17 through 25" should 
read "References 9 through 13. I' 

page VII.53-197 - paragraph 3 ,  line 2,  "Section 11.2.4.9" should read "Section 
11.2.3.3." Response t o  Comment 10, line 2 ,  "Section 11.2.3.2" should 
read "Section 11.2.2 .'I 
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SECTION I11 B 

SAFETY RESEARCH AND DEVELOPMENT - 
PROGRAM INFORMATION 



INTRODUCTION 

Several comnent l e t t e r s  on the PFES Indicated t h a t  certain topics related t o  the 
safety o f  LMFBRs were not f u l l y  addressed i n  Section 4.2.7 o f  the PFES. More 
par t icu lar ly ,  the comments indicated that  the PFES fa i l ed  to adequately explain the 
state-of-the-art o f  LMFBR safety technology, the extensive base o f  safety informa- 
t i on  already developed i n  the R&D program, and the design f l e x i b i l i t y  which exists 
t o  accommodate remaining uncertainties. Accordingly, supplementary material i s  
provided as follows. Much o f  t h i s  material was presented a t  the Public Hearing on 
the Proposed Final E,nvironrnental Statement f o r  the Liquid Metal Fast Breeder Reactor 
Program held on May 27-28, 1975, and i s  included here a t  the request o f  the Internal 
Review Board : 

Subsection 
I11 B.l Additional Infortnatton Relative to  the RRD Development Plan f o r  

LMFBR Safety 

I11 8.2 Additional Infonnation on Energetic LMFBR Core Disruptions 
1. General Information 
2. Remarks prepared f o r  an ACRS-HCDA Working Group 

I11 B.3 Additional Infonnation on the Basis f o r  Proceeding wi th  the Design, 
Licensing, and Operation o f  LMFBRs blhile the LMFBR Safety Program 
Progresses 

I11 B.4 Additional Information on LMFBR Risk Assessments Methods Development. 
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I11 B. l  

4.2.7s 

I11 B. l . l  INTRODUCTION 

It should be noted t h a t  the fo l low ing  plan i s  keyed t o  speci f ied objectives as well  
as funding and p r i o r i t y  assumptions. As w i th  any R&D e f f o r t ,  substantial changes, 
modifications, c la r i f i ca t i ons ,  and redirect ions can be expected. This i s  an 
in te rna l  planning document, and cannot by i t s e l f  be used as a commitment document. 
Regular and substantial revis ions and updates are planned. 

ADDITIONAL INFORMATION RELATIVE TO THE RRD DEVELOPMENT PLAN FOR LMFBR SAFETY 

The object ive o f  the LMFBR Safety Program i s  t o  develop a base o f  data and ana ly t i -  
ca l  t oo l s  which w i l l  provide input t o  the LMFBR design process t o  contr ibute t o  the 
evolut ion o f  designs which are safe i n  a l l  phases o f  operation, w i th  maximum 
tolerance f o r  e r ro rs  and abnormalities, and w i l l  provide the basis f o r  an accurate 
determination o f  the safety o f  LMFBRs. 

The fol lowing object ives have been established by the Assistant Director f o r  
Reactor Safety (AD/R) o f  the D iv is ion  o f  Reactor Research and Development, ERDA, 
i n  support o f  the program objective: 

1. To provide a t  appropriate times technical information on safety approaches so 
t h a t  LMFBR p lan t  designers can make ra t i ona l  choices whi le considering cost, 
safety and performance. 

2. To provide a t  appropriate times the ana ly t i ca l  too ls  and data base f o r  p lan t  
safety analysis o f  LMFBR's. 

3. To support LMFBR p lan t  l i cens ing  appl icat ions a t  appropriate times with 
safety technology. 

4. To define and provide required experimental capab i l i t y  f o r  confirmation o f  
ana ly t i ca l  t oo l s  used i n  accident analysis and t o  supplement the data base 
f o r  fundamental understanding o f  phenomena f o r  model development. 

Plan o f  Action 

The overa l l  LMFBR Safety Program i s  projected t o  extend through the year 2020. 
Considering the projected schedules f o r  Fast Flux Test F a c i l i t y  (FFTF), Cl inch 
River Breeder Reactor (CRBR) and fol low-on plants, f i v e  e a r l i e r  dates have 
Seen established on which status o f  safety technology documentation w i l l  be 
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6$ made avai lable by the LMFBR Safety Program as referenceable material i n  support o f  
projects and i n  f u l f l l l m e n t  o f  the AD/R objectives. These dates, and t h e i r  
re la t ionsh ip  t o  the projected schedules, are shown on Figure I11 B-1. The d i r e c t  
and i n d i r e c t  re la t ionsh ip  o f  t h i s  status o f  technology documentation t o  program 
needs and to elements o f  the safety research and development program i s  indicated 
schematically on Figure 111 8-2. 

I n  order t o  meet the AD/R objectives, a research and development program has been 
pu t  i n  place which emphasizes four l i nes  o f  assurance: 
core damage, contain accidents i n  primary system, and attenuate radiological  
products. The status o f  technology documentation w i l l  del ineate and update the 
extent o f  our knowledge i n  each o f  these four  areas a t  the time o f  each o f  the 
presently established f i v e  inilestone dates, M1 through M5, on Figure I11 B-1. I t  
must be recognized t h a t  there w i l l  be a continuous feed o f  ana ly t i ca l  methods and 
data i n t o  LMFBR program a c t i v i t i e s  from the safety program and tha t  the M1 through 
M5 dates represent dates on which summary reports are made available. The milestone 
l i s t i n g  given i n  the Prograin Summaries i d e n t i f i e s  the content and t iming o f  s i g n i f i -  
cant completed work package:; supporting each o f  the four l i n e s  o f  assurance. 

prevent accidents, l i m i t  

The necessary work packages w i l l  be obtained by pursuing ana ly t i ca l  and experimental 
programs a t  National Laboratories, i ndus t r i a l  contractors, and un ivers i t ies  as 
appropriate. Exist ing and programmed f a c i l i t i e s  (TREAT, SLSF/ETR, FFM, OPERA)* 
dedkated t o  advanced reactor safety w i l l  be u t i l i zed ;  ex is t ing  and programed 
non-dedicated f a c i l i t i e s  (Power Burst F a c i l i t y ,  FFTF) w i l l  be investigated f o r  
a p p l i c a b i l i t y  based upon programnatic need and a v a i l a b i l i t y ;  and the need f o r  new 
f a c i l i t i e s  w i l l  be assessed,. When the need f o r  new f a c i l i t i e s  has been established, 
projects w i l l  be i n i t i a t e d  1:o acquire these f a c i l i t i e s .  For example, the need for 
a Safety Research Experiment F a c i l i t y  (SAREF) has been established and SAREF 

conceptual design studies were i n i t i a t e d  i n  FY 1975. 

The LMFBR safety research and development program i s  defined more completely i n  the 
three Program Summary documents which fo l l ow  (LMFBR Safety Analysis , LMFBR Safety 
Experiments, LMFBR Safety Fac i l i t i es ) .  fab le  I11 8-1, which i s  a reproduction o f  
Table 11.2-3 o f  the PFES contains cost  estimates o f  the LMFBR Safety Program. Due 
to deta i led  changes i n  cost projections, rescheduling o f  f a c i l i t i e s ,  and other 
factors, t h i s  table may not be i n  complete, de ta i led  agreement with the Program 
Summaries. However, i t  i s  considered t o  be subs tan t ia l l y  representative o f  the 
cost o f  the Program. 
*Transient Reactor Test, Sodium Loop Safety Fac i l  i ty/Engineering Test Reactor, Fuel 

Fa t lu re  Mock-up, Out-of-Pile Expulsion and Re-Entry Apparatus. 
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Table I11 B- l *  
DETAIL OF LMFBR PROGRAM COST PROJECTIONS (19/5 th ru  2020) LMFBR INTRODUCTION DATE 1987 

(mi l l ions o f  f i s c a l  year 1975 do l la rs )  
FY FY 3 mos. FY FY FY Subtotal Subtotal Total 

1975 1976 Trans. 1977 1978 1979 1975-1979 1980-2020 1975-2020 

TFTF 65 46 12 46 37 37 243 526 769 
C R B ~  44 44 12 64 50 33 247 67 31 4 
Support F a c i l i t i e s  43 47 13 60 63 63 289 61 3 902 
Engineering & Technology 

Techno1 ogy 52 53 15 57 60 63 299 588 887 
Engineering 49 53 15 69 94 123 403 759 1162 

Cooperative Projects CRBRi 21 
PLBR 

Capital Equipment 19 
Construction Projects 

FFTF 132 
Plant Component Test F a c i l i t y  
Rad & Repair Eng. F a c i l i t y  
Advanced Fuel Lab 
Fuels & Materials Exam F a c i l i t y  
Hot Reprocessing P i  1 o t  P1 ant 
Miscellaneous Projects 15 

Total LMFBR Ti-5 

73 5 155 160 140 
5 18 64 

17 5 23 24 26 

74 
5 9 41 110 

9 18 14 
9 18 

23 
2 7 28 

18 3 20 28 17 
4 3 0 -  80 m618m 

554 
87 

114 

206 
165 
41 
27 
23 
37 

101 
2836 

200 754 
189 276 
201 31 5 

7 06 
203 368 

5 46 
27 
23 

239 27 6 
91 192 

3681 651 7 
Supporting Technology 

Safety 
R&D 37 40 12 46 52 58 24 5 646 891 
Equ i pmen t 4 4 2 4 3 4 21 49 70 
Construction 

Safety Test F a c i l i t y  3 9 18 46 76 108 184 
Transient Reactor Safety 

Test Faci l i ty  11 9 7 27 27 
Advanced Fuel Technology 12 15 5 18 23 28 101 352 453 

Total Supporting Tech - ! n 6 2 1 9 ~ ~ ~ - 7 7 0  1755 1625 
TOTAL LMFBR i% SUPPORT 493 492 99 639 723 861 3306 4836 8142 
"NOTE: 

be i n  complete agreement wi th program summaries. Addi t ional ly i t  does not r e f l e c t  f i n a l  P,residential decisions on 
the FY 77 Budget which are presently pending. 

Due t o  detai led changes i n  cost projections, rescheduling of f a c i l i t i e s  and other factors t h i s  table may not 



F
 

I 
m

 
c
 

r
(
 

Y
 

W
 

m
 
3 o? 
0
 

LL 

Y e I- 

I- 
O

 
0
 

LL 

I 

I11 B-7 



111 B.1.2 LMFBR SAFETY ANALYSIS 

PROGRAM OBJECTIVES 

Q 
The func t ions  o f  the  sa fe ty  o rgan iza t ion  i n  t h e  D i v i s i o n  o f  Reactor Research and 
Development i n  t h e  area o f  LMFBR safe ty  ana lys is  are: 

1. To prov ide a t  appropr ia te times technica l  in format ion on sa fe ty  approaches so 
t h a t  LMFBR p l a n t  designers can make r a t i o n a l  choices wh i le  consider ing cost ,  
sa fe ty  and performance. 

2. To prov ide a t  appropr ia te times the  a n a l y t i c a l  tools and data base f o r  p l a n t  
sa fe ty  analys is  o f  LMFBR's. 

3. To support LMFBR p l a n t  l i c e n s i n g  app l ica t ions  a t  appropr ia te times with sa fe ty  
techno 1 ow. 

Program Summary Object ives:  

The near term ob jec t ives  o f  t h e  analys is  element o f  the LMFBR Safety Program are: 

To complete, by December 1975, t h e  techn ica l  data base* for the p r i n c i p a l  HCDA 
analyses f o r  the  FFTF FSAR 

To complete, by December 1975, t h e  techn ica l  data base* f o r  the  p r i n c i p a l  HCDA 
analyses f o r  t h e  CRBR PSAR 

To provide, by June 1976, a p r e l i m i n a r y  a n a l y t i c a l  t o o l  f o r  analyzing 
postu la ted CRBR whole core accidents 

To provide, by January 1980, those a n a l y t i c a l  t o o l s  needed t o  support CRBR 
FSAR analyses 

To complete, by November 1978, the techn ica l  data base* f o r  the p r i n c i p a l  HCDA 
analyses f o r  the  PLBR PSAR 

To complete, by November 1983, t h e  techn ica l  data base* f o r  t h e  p r i n c i p a l  HCDA 
analyses f o r  t h e  PLBR FSAR. 

*The techn ica l  data base i s  a f a m i l y  o f  a n a l y t i c a l  models, computer codes and 
a n a l y t i c a l  and experimental data, a l l  appropr ia te ly  documented i n  a v a i l a b l e  form 
f o r  use by i n t e r e s t e d  p a r t i e s .  
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JUSTIFICATION 

I n  order t o  reduce our uncertaint ies as t o  the accident charac ter is t i cs  o f  large 
commercial LMFBR’s, the program w i l l  develop a fundamental understanding o f  the key 
phenomena con t ro l l i ng  the progression o f  LMFBR accidents, develop mathematical 
models based on t h i s  understanding, and integrate these models i n t o  major ana ly t i -  
ca l  tools. The e a r l i e s t  models, computer codes and minimal data base used t o  
provide supporting analyses f o r  the FFTF PSAR l e f t  substantial uncertaint ies i n  
assessment. A comprehensive LMFBR safety program I s  i n  place t o  reduce these 
uncertaint ies. As ou t l ined  i n  the program objectives, the analysis element i s  
bu i ld ing  on tha t  e a r l i e s t  technological base by pu t t ing  a program i n  place tha t  
w i l l  , i n  a t imely fashion, produce improvements i n  the modeling , computer codes 
and data base. This program provides f o r  a l og i ca l  progression i n  t h a t  packaged 
improvements are planned f o r  the times o f  submission o f  the FFTF FSAR, CRBR PSAR. 
PLBR PSAR, CRBR FSAR, and the PLBR FUR. Thus the analysis program provides f o r  a 
step-by-step approach t o  the t imely development and u t i 1  i za t i on  o f  the ana ly t i ca l  
tools and data base leading t o  general acceptance o f  comnercial breeders. 

The na jor  LMFBR safety an i i l y t i ca l  codes, t h e i r  function, problem solved and planned 
code improvements are shown i n  Table 1x1 6-2, More de ta i led  information on safety 
analysis codes and models i s  avai lable i n  the documentation l i s t e d  beginning on 
page I11 B-19. 

PLAN OF ACTION 

I n  order to meet the AD/R objectives, a research and development program has been 
pu t  i n  place which emphasiizes four  l i n e s  o f  assurance. The analysis element o f  the 
WFBR Safety Program proviides ana ly t i ca l  methods and data i n  support o f  the above 
research and development program. The object ives o f  the analysis element w i l l  be 
met by improving the basis, and means f o r  r e l i a b l e  analysis o f  the course o f  events 
i n  LMFBR postulated accidents and the estimated consequences o f  such accidents. The 
above w i l l  be accomplished (1) by developing the understanding o f  the basic phenom- 
ena needed f o r  ana ly t i ca l  modeling o f  hypothetical accidents; (2) by accumulation o f  
basic data on these phenomena so . tha t , the  ana ly t i ca l  models w i l l  have the appropriate 
real ism or conservatism over the’desired range o f  appl icat ion; (3) by in tegra t ing  
these data and model’s i n t o  complete ana ly t i ca l  descript ions o f  the hypothetical 
accidents, so tha t  those quant i t ies  and parameters important t o  a review o f  safety 
can be accurately determined; (4) by requ i r ing  the performance o f  experiments, so 
integrated as t o  t e s t  the adequacy o f  the ana ly t i ca l  models t o  p red ic t  accident 
sequences and consequences, and t o  thus ensure the model accuracy and completeness; 
and (5) by app l ica t ion  of ana ly t i ca l  inodels t o  the analyses o f  generic questions. 
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Table I11 B-2 

MJOR ANALYSIS COMPUTER CODES 

U 
U 
U 

W 

0 
4 

PLANNED IMPROVEMENTS CODE FUNCTION CONTRACTOR PROBLEM SOLVED 

SAS To analyze the i n i t i a t i o n  and ANL A coupled neutronic-thermal- 1. 
hydraulic calculation o f  
whole-core LOF/WOS and TOP 
accident transient behavior 2. 
up to  the point o f  sub- 
assembly disruption, prompt 
c r i t i c a l i t y ,  o r  neutronic 3. 
shutdown 

4. 

continuing propagation o f  a 
postulated accident i n  an LMFBR 

Interface wi th  20 di f fvs ion 
and perturbation neutronic 
code (FX-2) 
Consistent gas release and 
sodium voiding i n  a coolant 
channel 
Treatment o f  mu1 t i p l e  
primary coolant loops 
Develop advanced fuel  
motion, clad motion and 
fuel  -cool ant interact ion 

k 
models 
1 sign to e f f i c i e n t l y  simulate coup e neutron cs-t  e m  - Emp asis w e p ace on 

reactor behavior from postulated hydraulics calculation o f  improvements o f  empir ical ly- 
accident inception to  beginning o f  
core disassembly transient behavior up t o  the p i n  f a i l u r e  

who1 e-core TOP accident based correlations f o r  fuel  

po int  o f  Drompt-cri t ical i ty 
o r  neutrohic shutdown 

VtNUS To describe the dynamic behavior ANL A 2-D coupled neutronics- Improve oxide fuel  and f iss ion 
of an LMFBR reactor core during 
a disassembly excursion 

hydrodynamic calculat ion o f  product equation-of-state 
whole-core transient behavior 
resul t ing from a prompt- 
c r i t i c a l  - react iv i ty  insert ion 

hydrodynamics cal cul a t i  on 
o f  whole-core transient 
behavior and k inet ic  energy 
resul t inq from a prompt- 

PAD To describe the behavior o f  a LASL A 1-D coupled neutronics- Improve models f o r  heat trans- 
fast reactor subjected to a 
large reac t i v i t y  addit ion i n  
a re la t i ve l y  short time period 

f e r  and equati on-of-sta t e  

c r i  t i ca l - reac t i v i t y  insert ion 
REXCO To calculate reactor structural  ANL A 2-D Lagrangian coupled Improve sl ide- l ine capabi l i t ies 

response t o  postulated nuclear 
excursions 

hydrodynami c-s t ructural 
response calculation o f  
primary con t a i  nmen t 
structural  response to  HCDA 
pressure loads. 



c 
Table I11 B-2 (cont'd) 

MAJOR ANALYSIS COMPUTER CODES 

CODE FUNCTION CONTRACTOR PROBLEM SOLVED PLANNED IMPROVEMENTS 

ICECO To calculate reactor component ANL A 2-D Eulerian coupled hydro- Incorporate primary p ip ing  
structural response t o  dynamic-structural response loop component mode! s 
postulated nuclear excursions. calculation of primary con- 

tainment and p ip ing  
structural response t o  HCDA 
pressure loads 

calculation of subassembly 

from local pressurization 
acc! dents 

STRAW To evaluate response of reactor ANL A 2-D structural response Correlate w i t h  experiments 
core subassemblies t o  accident 
pressure loadings hexcan deformation resulting Inst i tute  

w SADCAT To evaluate response of reactor ANL A 3-D structural response Correlate w i t h  experiments 
c( U core subassemblies to accident calculation of subassembly performed a t  Stanford Research 
W pressure loadings hexcan deformation resulting Inst i tute  

performed a t  Stanford Research 

from 1 oca1 pressuri t a t i  on 
ace i dents 4 

SOFIRE To describe the pressure-time ,AI Calculates sodium pool I ncoruorat ion o f  better 
history i n  a containment 
environment following a postulated 
sp i l l  

burn ing  dynamics in a heat- theoretical and experimentally 
transport equipment cell  and verified models 
the resulting temperature 
and Dressure transient i n  
the cell  gas 

SOMIX To study the transient convective AI Calculates sodium droplet Incoruorate pool burn ing  
motion of low oxygen gas environ- 
ments simulating LMFBR heat 
transfer vaults. 

burn ing  dynamics i n  a '  heat- 
transport equipment cell  and 
the resulting temperature 
and Dressure transients i n  
the cell  gas 

and pressure histories i n  
connected cel Is resulting 
from a pool or spray f i r e  
i n  one of the ce l l s  

CACECO Assess structural consequences of HEDL Calculates the temperature Document code 
sodium spray and pool f i res  i n  
LMFBR equipment and pipeway ce l l s .  



Table I11 8-2 (cont 'dl  

MAJOR ANALYSIS COMPUTER CODES 

FUNCTION CONTPACTOR PROBLEM SOLVED PLANNED IMPROVEMENTS CODE 

COMRADEX To calculate radiological dose AI Calculates the effects of Incorporate improved l u n g  dose 
a t  reactor s i t e  boundary and reactor containment and models 
beyond. meteorology on environ- 

To establish containment AI Calculates aerosol beh avior Develop new aerosol leakage 
capabili ty of LMFBR structures and transport following a model 
t o  1 imit aerosol contributions 
t o  the si te dose. 

mental radiation exposure 
result ing from HCDA's 

HCDA 



The work packages, distriibuted according to a specific line of assurance, necessary 
to satisfy the analysis element objectives have been placed with national labora- 
tories, industrial contractors and universities. The assignment o f  responsibilites 
to each line of assurance by RRD contractors is shown in Table I11 8-3. 

SCHEDULE 

Work in this program will accelerate during the late 1970's, and peak during the 
1980's. Completed packages, verified analysis tools and data base, will be required 
to support the submissioris of CRBR, PLBR and CBR SAR's at times designated in 
Figure I 1 1  B-1 . 
The major Safety Analysis milestones leading to the completion of the necessary work 
packages are as follows: 

LOA-1. Prevent Accidents- 

. No efforts for this LOA under the Safety Analysis program. Such efforts are 
carried out by specific reactor projects. 

LOA-2. Limit Core Damage, 

Complete out-of-pi1 e subassembly-to-subassembly damage propagation experiments 
using simulant, high-pressure sources and duct materials to simulate the full 
range of irradiated SS 316 behavior (6/76). 

Complete initial development of a three-dimensional transient structural 
response code, (SADCRT), with capabilities for large deformation analysis, 
fluid interfacing. thermal effects, and long duration accidents, and 
validate with experiments (6/76). 

Complete integration of heat transfer models into three-dimension transient 
structural response code (i /77). 

Complete model development for subassembly impact, fracture and fuel pin 
stress phenomena and integrate .into three-dimensional transient structural 
response code (1/78). 

Extend three-dimensional code cap(abi1 ities to include the various subassembly 
geometries considered for large LIYFBR cores using advanced fuels (12/79). 
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Table 111 8-3 

ASSIGNMENT OF REACTOR SAFETY ANALYSIS TASKS BY LINE OF ASSURANCE 

LOA* CONTRACTOR 189a TITLE 

--- 1. 

2. ANL 

ANL 

ANL 

ANL 

3. ANL 

ANL 

ANL 

ANL 

ANL 

LASL 

LASL 

GE 

HEM 

NMJ 

BY U 

HNL 

HNL 

4. ANL 

ANL 

HEDL 

SR I 

--- 
CAOl5 

CA049 

CA084 

CA085 

CAOl  0 

CAOl5 

CA049 

CA084 

CA085 

AL009 

ALOl 0 

SG002 

FF061 

CXOl7 

cx002 

OH069 

OH099 

CAOl5 

CA085 

FF061 

SX005 

--- 
Reactor Systems and Containment Structural Response 

Subassembly and Reactor Systems Response Model ing 

Modeling of Fuel Motion 

Modeling o f  Heat Transfer and F lu id  Dynamics 

Accident Analysis and Safety Evaluation 

Reactor Systems and Containment Structural Response 

Subassembly and Reactor Systems Response Modeling 

Modeling of Fuel Motion 

Modeling o f  Heat Transfer and F1 u i d  Dynamics 

Models and Computer Modules f o r  Processes i n  
Reactor Disassembly Analysis 

Analysis o f  and Studies Relating t o  Hypothetical Fast 
Reactor React iv i ty Xnduced Power Transients 

Safety Engineering 

Fast Reactor Safety Analysis 

L i  qui d-Liquid Surf ace Impaction 

Fast Reactor Safety Analysis Techniques 

Neutronics Analysis o f  Disrupted Cores 

Central Computerized Data Base f o r  LMFBR Safety 
Codes 

Reactor Systems and Containment Structural Response 

Modeling o f  Heat Transfer and F lu id  Dynamics 

Fast Reactor Safety Analysis 

Experiments i n  Bubble Transport Phenomena 

"LOA - Line o f  Assurance 
1. Prevent Accidents 
2. L i m i t  Core Damage 
3. Contain Accidents i n  Primary System 
4. Attenuate Radiological Products 
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LOA-3. Contain Accidents in Primary System 

II  Formulate improved model for claid flooding and entrainment criteria (4/75).  

Complete prel iminar,y extended motion disassembly model (6/75). 

Complete comparison of several disrupted core behavior computer codes through 
use of "benchmark" calculations (9/75). 

Evaluate thermal interaction effects (fuel -steel -sodium) on extended fuel 
motion and recompaction recriticality (1/76). 

Complete scale-model , simulant material primary containment response modeling 
experiments for validation of codes (6/76). 

Complete improvemenis in explicit Lagrangian code, (REXCO), for 
nuclear excursions And Val idate with experiments (6/76). 

Complete treatment of low-energy nuclear excursions with imp1 ic 
code, (ICECO), and validate with experiments (6/76). 

Complete initial cou,pling of explicit Lagrangian and implicit E 

high-energy 

t Eulerian 

lerian codes 
(REXCO and ICI:CO), fior treatment of full range of nuclear excursion 
energies (6/76), 

Complete scale-model,, simulant material primary loop piping and component 
structural res'ponse inodeling experiments for validation of codes (6/76). 

Complete initial development of an implicit Eulerian code, (ICEPEL), for 
structural response analysis of arbitrary pressure pulses within primary 
coolant loops contaihng valves, elbows, pumps and heat exchangers, and 
validate with experi/nents (6/76). 

I 

Complete studies on kensitivity o f  primary containment structural response 
to non-axisymmetric $eometrical configurations and extend analytical 
capabilities tlo account for three-dimensional interaction phenomena (1/77). 

Complete development lof implicit Ehlerian code for analysis of primary 
coolant system structural response! and integrate with coupled Lagrangian: 

I 
I 
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Eulerian primary containment structural response code for  consistent treatment 
of complete primary system (6/77). 

. Complete formulation of an implicit Eulerian code for  the analysis i n  a 
consistent way of the dynamic and thermodynamic phenomena associated w i t h  the 
generation and in-vessel transport of high-pressure mu1 ti-phase materials 
resulting from nuclear excursions (1/78). 

. Complete development of a Lagrangian-Eulerian primary system structural 
response code w i t h  an integrated capability for  analysis of the mechanical, 
dynamic and thermodynamic phenomena associated w i t h  the generation and motion 
of the high-pressure products resulting from a nuclear excursion (12/79). 

. Formulate incoherent void ing  model, provide i n i t i a l  assessment for loss of 
flow conditions a t  uniform power and compare w i t h  TREAT L series experiments 
(V78) 

. Integrate model for  incoherent vo id ing  and clad relocation (3/78). 

. Comparison integrated model o f  incoherent voiding and clad relocation w i t h  
experimental data (6/78). 

. Integrated model for  the effect  of non-condensable gases on coolant motion 
(6/78) 

. Complete preliminary model of f ission gas effects  on early fuel motion (1/78). 

. Define conceptual model for  fuel transport (3/78). 

, Characterization of fragmentation and p l u g g i n g  phenomena as i t  relates  to  fuel 
transport and integration of these phenomena i n t o  a fuel transport model (6/78). 

. Model development for  dispersive mechanisms i n  t r ans i t i on  phase analysis (1/78). 

. Complete preliminary model detail ing interaction w i t h  surrounding material 
structure (1/78) 

, Integration o f  a fuel mechanics code (pre-failure phenomena) w i t h  a fuel 
transport model (post fa i lure  phenomena) (1/80). 

n 



. Extension of the fuel mechanics code t o  advanced fuels  (1/80). 

Model for  combined clad and fuel motion for  large reactors (1/80). 

Correlation of fuel transport model w i t h  experiments (1/80). 

Integration of fuel transport model w i t h  fuel mechanics code (1/80). 

, 

. 

. 
LOA-4. Attenuate Radiological Products 

. Develop methods for producing high-pressure vapor bubbles and conduct scoping 
tests t o  demons1;rate tha t  bubble sulrface instabilities and iner t ia l  effects  
are  not l ikely t o  resu l t  i n  rapid jett ing of bubble constituents to  cover gas 
region (9/75). 

Conduct small scale experiments using high-pressure vapor sources i n  water to  
assess iner t ia l  effects  of bubble expansion from constrained geometries and 
effect  of structures on bubble dynamics and breakup (6/76). 

Complete analysis and (documentation of the radiological consequences of an 
HCDA i n  the FFTF (9/75). 

Complete analysis and documentation associated w i t h  design basis sodium s p i l l s  
i n  FFTF to  determine the adequacy of design t o  accomnodate large sodium s p i l l s  
(9/75). 

Begin a comparison study on containment versus confinement us ing  already 
available radiological assessment tools (1/76). 

Complete and issue a plan f o r  integrating, through standard interfaces and 
sub-routines, raldiological effects  codes (6/76). 

Model aerosol pmduction due t o  mechanical break-up of the two-phase expansion 
process, vapor condensation, and further -coalescewe or fragmentation i n  the 
coolIng process (1/78). 

Model aerosol release rates  through reactor head openings, condensation w i t h i n  
the primary vessel, andl radioactivity release from the primary vessel (1/79). 
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CONTRIBUTING PROGRAMS 

The program e f f o r t  is supported by base technology development being conducted by 
the Engineering & Technology Office. T h i s  supporting base technology development i s  
principally i n  the areas of basic physical property data, fuels  performance data,  
basic neutronic data and development of instrumentation. Basic physical property 
data i s  supported by the following: 

TITLE - 189a CONTRACTOR - 
02681 ANL Materials Properties fo r  Fuel Performance Predictions 
10567 HNL Mechanical Properties f o r  Structural Materials 
02162 ANL Thermophysical Properties o f  Reactor Fuels 
10556 ORNL High Temperature Design 
1221 2 HEDL Ceramic Fuels Properties and Behavior 
12666 HEDL LMFBR Fuel Cladding Information Center 

Fuel performance data by the following: 
121 60 HEDL Fuel P i n  Transient Performance 
12161 HEDL Fuel P i n  Steady State Performance Limits 
1240’1 HEDL Irradiation Units-GETR 
12779 HEDL Fuel P i n  Transient Overpower Limits 
12667 HEDL Fuel Performance Analysis and Prediction 
13820 GE Fuel Cladding Interaction 
07401 LASL Examination of Fast Breeder Reactor Fuels 
07463 LASL High Performance LMFBR Fuel 
07548 LASL Uranium-Plutonium Mixed Carbide Fuels 

Basic neutronic data by the following: 
03110 BNL Reactor Cross Sections Evaluations 
06019 ANL FER Physics Constants 

Development of instrumentation by: 
02665 ANL Neutron Detector Channel Development 
13644 AI Sodium System Leak Detection 
13643 G E  Instrumentation Devel omen t 
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CODE AND MODEL DOCUMENTATION FOR SECTION I11 8.1.2 

SAS CODES AND MODELll 

SASlA 

. J .  C. Carter, G, J. Fischer, T. J ,  Heames, 0. R. MacFarlane, N. A. McNeal, 
W. T. Sha, C. I(. Sanaithanan, and C:. R. Youngdahl, "SASlA, A Computer Code for 
the Analysis o f  Fast Reactor Power* and Flow Transients," ANL-7607 (1970), 
Argonne National Laboratory, Argonne, I 1  1 i no i s  . 

SASEA 

. F. E. Dunn, G. J. Fischer, T. J. tleames, P. Pizzica, N. A. McNeal, W. R. Bohl, 
and S. M. Prastein, "The SAS2A LMFBR Accident Analysis Computer Code," 
ANLIRAS 73-39 ((1973). 

SASED 

. 
SASEB 

F. E. Dunn , "SAS Code Devel opment ,,I' ANL-RDP-24, (January 1974). 

. M. G. Stevenson, W. R. Bohl, F. E. Dunn, T. J.  Heames, G. Hoppner, L. L. Smith, 
"Current Status and Experimental Elasis o f  the  SAS LMFBR Accident Analysis Code 
System," Proc. o f  the Conf. on Fas,t Reactor Safety, Beverly H i l l s ,  Ca l i f o rn ia  
(Ap r i l  19'74).- 

SAS/DEFORM- I I 

. 

SAS M u l t i p l e  Bubble Slug E jec t ion  Coolant Voiding Model 

. F. E. Dunn. G. J .  Fischer. T. J.  Heames. and P. A. Pizzica. "A Mu l t i o le  Bubble 

A. Watanabe, "The DEFORM-I1 Mathematical Analysis o f  E last ic ,  Viscous, and 
P las t i c  Deformation o f  a Reactor Fuel Pin," ANL-8041 (1973). 

Slug E jec t ion  Clodel f o r  Coolant Voiding;" Trans. Am. Nuc1.-Soc., 14 (1) 
241 (1971). 

F i l m  Motion Voiding Model 

. G. Hoppner and F. E. Dunn, "Sodium Film-Model i n  SASEA Voiding," Trans. Am. 
Nucl. SOC., 16 ( 2 )  (November 1973). 

. 
Fuel Motion Model, SLUMPY 

G. Hoppner, "Scidium F i lm  Motion Model o f  SAS3A," ANL/RAS 74-22 (September 1974). 

. W. R. Bohl and M. G. Stevenson, "A Fuel Motion Model for  Loss-of-Flow," 
ANL/RAS 74-18 (August 1974). 

. H. V. Wider, et, al., "An Improved Analysis o f  Fuel Motion During an Overpower 
Excursion," Proceedin s o f  the  Fast Reactor Safety Meeting, Beverly H i l l s ,  
Ca l i f o rn ia  

Clad Relocation Modal, CLAZAS 

. W. R. Bohl and T. J ,  IHeames, "A Clad Motion Model f o r  LMFBR Loss-of-Flow 
Accident Analysis," i r ans .  Am. Nucl. SOC., 16, 358 (1973). 
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. W. R. Bohl  and T. J. Heames, "CLAZAS: The SAS3A Clad Motion Model," ANL/RAS 

Primary Loop Hydraulics 

. 
Fuel-Cool ant Interact ion 

. 

74-1 5 (August 1974). 

F. E. Dunn, " I n i t i a t i n g  Accident Code Development," ANL-RDP-2, (February 1972). 

L. L. Smith, J. R. Travis, M. G. Stevenson, F. E. Dunn, and G. J.  Fischer, 
"SAS/FCI , A Fuel-Coolant Interact ion Model f o r  LMFBR Whole-Core Accident 
Analysis ,'I Proc. Topical Meeting on Mathematical Models and Computational 
Techniques f o r  Analysis o f  Nuclear Systems, CONF-730414-P1, Ann Arbor, 
Michigan (Apr i l  9-11, 1973). 

Analysis ,'I Proc. Topical Meeting on Mathematical Models and Computational 
Techniques f o r  Analysis . -___. o f  Nuclear Systems, CONF-730414-P1, Ann Arbor, 
Michigan (Apr i l  9-1 1 , 1913). 

REXCO/ ICECO CODES AND MODELS 

REXCO-H and -HEP: 

. Y. W. Change and J. Gvildys, "REXCO-HEP: 
Code f o r  Calculat ing the Primary System Response i n  Fast Reactors," 
t o  be published during 1975 as ANL report.  

J. Gvildys and Y. W. Chang, "REXCO-HEP Users Manual ,I' ANL/RAS 75-1, 
January 1975. 

Y. Chang, J. Gvildys and S. Fistedis, "Two-Dimensional Hydrodynamics 
Analysis f o r  Primary Containment," ANL-7498, November 1969. 

Reactor containment t o  High-Energy Excursion ,I' ANL-7499, November 1969. 

J. Gvildys and S. Fistedis, " Ine las t ic  Response o f  Pr imary  Reactor 
Containment to  High-Energy Excursions," ANL-7499, Supplement, June 1971. 

A Two-Dimensional Computer 

. 

. 

. G. C i n e l l i  and J. Gvildys, S. Fistedis, " Ine las t ic  Response o f  P r i m a r y  

REXCO-HT: 

. T. J. Marciniak, "Heat Transfer Problems i n  LMFBR Containment Analysis," 

. T. J. Marciniak and J. C. Brat is, "Improvements i n  REXCO-HT," t o  be published 

. J. C. Brat is.  T. J. Marciniak, "Reactor Structural Response to  Molten-Fuel- 

ANL-8037, July 1973. 

i n  1975. 

Coolant Interactions," i n v i t e d  paper E1/4, 2nd I n t l .  Conf. on Structural  
Mechanics i n  Reactor Technology, Berl in, 19/3. 

. C. Y. Wang, e t  ai., "An I n p l i c i t  F i n i t e  Difference Method f o r  F lu id  Dynamics 
Calculat ion i n  the Primary Coolant Systems," ANS Topical Meeting on Mathe- 
matical Computation Methods Apr i l  1975, Charleston, S. C. 

M. T. A. Moneim, "ICEPEL, A Two-Dimensional Computer Program f o r  the Transient 
Analysis o f  a Pipe-Elbow Loop," t o  be published during 1975 as an ANL report.  

. 

VENUS CODES AND MODELS 

. W. T. Sha and T. H. Hughes, "VENUS: A Two-Dimensional Coupled Neutronics- 
Hydrodynamics Computer Program for Fas t-Reactor Power Excursions" ANL-7701, 
October 1970. 
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. 
STRAW/SADCAT CODES AiND MODIELS 

. 

J. F. Jackson aind R. B. Nicholson, "VENUS 11: An LMFBR Disassembly Program," 
ANL-7951, September 1'972. 

J. M. Kennedy and T. Belytschko, "Energy Source and F lu id  Representation i n  a 
Structural  Response Code--STRAW," ANL-8140 (November 1974). 

D. F. Schoeberle, e t  (al., " I m p l i c i t  Temporal Integrat ion f o r  Long-Duration 
Accidents i n  a Structiural Response Code--STRAW," ANL-8136 (October 1974). 

J. M. Kennedy, "Nonliiiear Dynamic Response o f  Reactor-Core Subassemblies ,'I 
ANL-8065 (January 1974). 

A. H. Marchetas and T. B. Belytschlko, "Nonlinear Formulation f o r  Transient 
Analysis o f  Three Dimc?nsional Thin Structures,'' ANL 8104, June 1974. 

. 

. 

. 
MELT CODES AND MIDEL5 

A. E. Waltar, "MELT-I, A Simpl i f ied Meltdown Code f o r  Fast Reactor Safety 
Analysis," BNWL-944, Ba t te l l e  Northwest Laboratory, December 1968. 

A. E. Waltar, A. Padillla, and R. J. Shields, "MELT-11, A Two-Dimensional 
Neutronics-Heat Transfer Program f o r  Fast Reactor Safety Analysis ,'I 
HEDL-TME-72-43, Hanfoid Engineering Development Laboratory, Ap r i l  1972. 

W. T. Sha and A. E. Waltar, "An Integrated Model f o r  Analyzing Disruptive 
Accidents i n  Fast Reactors," Nucl. Sci, Eng. 44, 135-156 (1971). 

B. G. Gnit ing and F. E:. Bard, "PECT-ET: Test Analysis o f  Hot-Cal-I1 Transient 
Test," HEDL-TME-74-15, Ap r i l  1974. 

F. E. Ward, "PECT-1, Pi FORTRAN-IV Computer Program f o r  Determining the Plast ic-  
E las t ic  Crrep and Thremal Deformation i n  Thick Walled Cylinders," BNWL-1171, 
December 1969. 

F. E. Bard and I ) .  S. Oiutt, "PECT-2 Analysis o f  H3 Transient Test," 
HEDL-TME-72-28, February 1972. 

D. S. Dutt and It. B. Baker, "SIEX--A Correlated Code f o r  the Predict ion 
o f  L iqu id  Fast Breeder Reactor (LMFBR) Fuel Thermal Performance ," HEDL-TME-74-55, 
September 1974. 

A. E. Waltar, el: a1 ., "MELT-111, A Neutronics, Thermal Hydraulics Computer 
Program f o r  Fast Reactor Safety Analysis," HEDL-TME-74-47, October 1974. 

P. Beir iger, e t  al., "SOFIRE-2 User Report," AI-AEC-13055, March 30, 1972. 

M. P. Heisler, "Status Report on SOMIX Development," TI-707-130-028, 1973. 

L. C. Richardsont, e t  al., "CONTEMPT, A Computer Program for Predict ing the 
Containment Pressure--Temperature Response t o  a Loss-of-Cool ant Accident," 
IDO-17220, P h i l l i p s  Pet. Co., (June 1967). 

G. W. Spangler, e t  ai., "Description o f  the COMRADEX Code," AI-67-TDR No. 108, 
(August 1967). 

R. S. Hubner, e t  a1 ., '"HAA-3 User Rleport," AI-AEC-13038, March 1973. 
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n 
111 8.1.3 LMFBR SAFETY EXPERIMENTS 

PROGRAM OBJECTIVES 

The functions of the reactor safety rganlzation in the Divi 
and Development in the area of LMFBR safety experiments are: 

ion of Reactor Research 

1. To provide at appropriate times technical information on safety approaches so 
that LMFBR plant designers can make rational choices while considering cost, 
safety and performance. 
To provide at appropriate times the analytical tools and data base for plant 
safety analysis of LMFBR's. 
To support LMFBR plant licensing applications at appropriate times with safety 
technology. 

2. 

3. 

Program Summary Objectives : 

Consistent with the Assistant Director's plan of action specific objectives are 
enumerated in the four major areas o f  Accident Prevention, Limiting Core Damage, 
Containing Accidents in Primary System, and Attenuating Radiological Products. 
Advanced fuel program objectives are also addressed. The timing of the major first 
level objectives has been identified in the AD Program Plan. 
that complete and convincing success in any one of these areas would provide an 
adequate assurance for the safety of LMFBRs. Recognizing the role of uncertainties, 
and the need for design flexibility, a sound and defensible set of lines of 
assurance is sought. 

It should be noted 

1. Prevent Accidents - To develop a viable accident prevention line of assurance 
by providing sets of data and an associated rationale which will provide a 
means of demonstrating that all conceivable LMFBR core disruptive accidents 
can be made to have a sufficiently low probability of occurrence that they 
need not be considered as a basis of design. 
a. To resolve by January 1976 safety questions regarding rapid blockages 

and rapid fuel element failure propagation for U02 fuel in LMFBR designs. 
b. To establish by January 1977 an engineering basis for utilizing selected 

inherent safety features which can prevent or limit core damage during 
postulated accident sequences. 

2. Limit Core Damage - To develop a viable subassembly containment line of 
assurance by providing data and rationale necessary to demonstrate that core 
disruption can be contained within the individual subassemblies even when low 

I11 B-22 



probab i l i t y  but mechlanistically possible fa i l u res  o f  the accident prevention 
l i n e  o f  assuriince are postulated. 
a. To es tab l i sh  by January 1978 an understanding o f  f ue l  p i n  f a i l u r e  

mechanism, instrumentation ,, energetics, mechanical consequences, 
p i n  matei*ial transport, and sustained shutdown c o o l a b i l i t y  s u f f i c  
t o  support a pa r t i cu la r  set  o f  design objectives directed toward 
containment o f  a l l  mechanist ical ly postulated accident sequences 
w i th in  ind iv idua l  subassembly domains. 

3. Contain Accidiants i n  Primary Sys1;em - To develop a v iable whole core 1 

fue l  
en t 

volve- 
ment 1 ine  o f  iissurarice by providling data and ra t iona le  necessary t o  demonstrate 
tha t  there i s  no t  a substantial hazard t o  the publ ic even should extensive core 
d is rup t ion  anti subsequent core diisassembly be presumed. 
a. To es tab l i sh  by January 1971) the data and ra t iona le  necessary t o  

demonstrdte a dlefendable upper l i m i t  on disrupted core energetics, as a 
funct ion o f  selected generic core nuclear design parameters. 
To provide by Jlanuary 1978 the data necessary t o  establ ish design 
adequacy o f  mechanical structures w i th in  the defendable upper 1 i m i t  
energetics envelope, as a funct ion o f  selected generic design parameters 
f o r  core internals.  
To provide by January 1978 the data necessary t o  demonstrate u l t imate  
coolabi l  i t y  o f  disrupted fue l  debris under condi t ion o f  substantial core 
d is rup t ion  as ai funct ion o f  selected generic core debris parameters. 

b. 

c. 

4. Attenuate Radio1ogic:al Products -- To develop a v iable rad io log ica l  assessment 
1 ine o f  assurdnce by providing data and ra t iona le  necessary t o  demonstrate 
tha t  the radiologicail consequences o f  an envelope o f  postulated accident 
sequences can be acc:omnodated without s ign i f i can t  hazard t o  the public. 
a. To establ ish by January 1978 the data and ra t iona le  necessary t o  establ ish 

and support rea t l i s t i c  upper- l imi t  bounds f o r  the quant i ty o f  generation of 
plutoniua aerosols during cer ta in  postulated LMFBR core d is rup t ive  
acc f dents. 
To establ ish by January 1978 the 'data and ra t i ona le  necessary t o  assess 
the attenuation o f  plutoniuni and f i s s i o n  products during transport from 
the core region t o  the containment bu i ld ing  an'd from the containment 
bu i ld ing  t o  the s i t e  boundary. 
To demonstrate and proof- test  by January 1978 emergency containment a i r -  

cleaning systenis a's may be rippropriate t o  mi t iga te  radiological  
consequences of: core d is rup t ive  accidents. 

b. 

c. 
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5. Other Fuels - The above objectives are independent of reactor fuel system. 
The above milestones, a t  present, only apply t o  the mixed oxide LMFBR plants. 
A program plan for  other fuels is  under development. 

JUST IF ICAT I ON 

In accordance w i t h  the AD Program Plan the objectives of the LMFBR Safety Experi- 
ments Program Summary are directed toward establishing the base of data and 
analytical too ls  which will permit safe and economically viable designs and provide 
the bases for  establishing p u b l i c  confidence i n  the overall safety of LMFBR's. 

BACKGROUND 

Traditionally, design and development ac t iv i t ies  have pursued a defense i n  depth 
strategy associated w i t h  the prevention and mitigation of postulated accident 
sequences. Analytical tools based on f i r s t  principle understanding are developed 
and validated by appropriate experimental programs so that  the consequences of 
postulated accident sequences may be analyzed. The probability of ini t ia t ion o f  
postulated accident sequences coupled w i t h  the predicted consequences guide the 
research and development programs which are conducted either to lower the proba- 
b i l i t y  of ini t ia t ion or to  mitigate the consequences of the postulated event. 
T h e  safety program i s  organized to  provide a h i g h  degree of v i s ib i l i ty  as t o  
status and progress i n  these interrelated efforts.  

In the area of accident prevention major progress has been made i n  establishing the 
understanding necessary to design reactor systems which have a very low probability 
of major accident ini t ia t ion.  
t ions have been identified and accomnodated i n  design. Thus f a r  the program has 
produced an adequate understanding of the value of the Doppler coefficient and the 
b e n i g n  nature of sodium superheat. There is consensus that  rapid blockages and 
rapid propagation of fuel p i n  failures can be shown not to  be a concern. The 
primary emphasis of this l ine  of assurance is presently focused on establishing the 
relat ive probability of events postulated t o  lead to an accident so that  the 
strength of the l ine of assurance may be assessed more quantitatively. Important 
open questions are the quantitative re l iab i l i ty  o f  the plant shutdown system, the 
decay heat removal system and structures. 

Potential in i t ia tors  of reactivity and flow perturba- 

In the area of accident mitigation, there is general consensus that  LMFBR fuel- 
coolant interactions are benign. Progress has been made i n  establishing fuel p i n  
fa i lure  mechanisms and understanding early clad and fuel motion. T h i s  under- 
standing permits investigation of design alternatives which have potential for  
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m i  tigating postulated accidents without resort t o  arguments which involve whole 
core considerations. These investigations have begun. Important open questions 
are the quantitative understanding of fuiel motion including the conditions under 
which fuel sweepout can occur. 

A demonstration t h a t  accidents involvingi a whole core meltdawn can be accmodated 
requires an ability t o  place an upper bolund on recriticality energetics, demon- 
strate tolerable mechanical damage, demolnstrate final coolability of the core 
debris, and assess resulting radiological consequences. 
been made i n  assessing the consequences of these postulated accident situations. 
The program has established understandings of some features of the energy partition 
and structural effects t h a t  might result from major core disruptions. The potential 
for energetic recritiicality has been somewhat reduced as a result of the understanding 
of the benign nature of fuel-coolant interactions. 
behavior is adequate to provide significant guidance i n  the design for  post accident 
heat removal. Inforniation exists t o  estimate post accident distribution of core 
debris b u t  not i n  a mechanistic way. The currently dominant open questions are 
characteristics of extensive and extended fuel motion and the uncertainty in the 
upper limit which can be placed on the energetics of potential recriticality. 
Facilities and/or experiments which can provide design guidance other t h a n  current 
broad envelope understanding are being studied b u t  are not yet i n  the inventory. 

Substantial progress has 

Understanding of debris bed 

Major uncertainties and associated conservatisms are presently associated w i t h  
radi ol ogi cal assessments. Some progress has been made i n  understanding aerosol 
behavior (there i s  ark existing code named HAA 111) and a base of technology for 
ex-containment fission product transport exists from previous water reactor 
experience. However,, additional data t o  assess the type and amount of radio- 
active substances released from the fuel and the attenuation mechanisms thence 
to release from contalinment should be developed t o  permit improved assessment 
capability. 

The 189a's which support this element of the LMFBR Safety Program Plan are 
described i n  Table 111 B-4. 

PLAN OF ACTION 

A plan of action has been established for developing a strong line of assurance 
i n  each of the four areas iidentified. The plan of action calls for progressively 
stronger lines of assurance w i t h  corresponding design flexibility for successive 
LMFBR projects througih the (commercial breeder, The R I D  efforts have also been 
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Table I11 8-4 

OBJECTIVES OF 189A'S FOR LMFBR SAFETY EXPERIMENTS PROGRAM 

Q 
189a # Contractor Program Objectives 

CAOl2 

CAOl9 

CA021 

CA033 

CA053 

CA066 

CA081 

CA082 

CA083 

CA088 

CC003 

CW077 

CW078 

FF052 

ANL 

ANL 

ANL 

ANL 

ANL 

ANL 

ANL 

ANL 

ANL 

ANL 

CE 

WARD - 
- WARD 

HEDL 

Provide high temperature physical property data on 
sodium. steel. and mixed oxide fue l  f o r  use i n  LMFBR 
accident analyses. 

Determine d i s t r i bu t i on  o f  core debris fol lowing an LMFBR 
core disrupt ive accident and assess capab i l i t y  t o  remove 
decay heat in-vessel and ex-vessel . 
Replacement o f  damaged fue l  i n  TREAT. 

I d e n t i f y  safety issues associated w i th  advanced fue ls  i n  
LMFBR's and define e f f o r t s  necessary to resolve the 
issues. 

Develop information on the mechanical response o f  
nuclear f u e l  t o  "accident" thermal transients. 

Define the f a i l u r e  dynamics and mechanism under transien- 
f l o w  conditions by conducting i n -p i l e  and out-of-pi le 
experiments using the Sodium Loop Safety F a c i l i t y .  

Provide engineering and operations support f o r  i n - p i l e  
experiments i n  TREAT. 

Study f a s t  reactor fue l  and coolant behavior under 
t ransient conditions associated w i th  fue l  f a i l u r e  by 
conducting i n - p i l e  experiments i n  TREAT. 

Study f a s t  reactor coolant dynamics, fue l  c lad  coolant 
interactions, and fue l  motion by conducting out-of - p i l e  
experiments. 

Investigate ways o f  mi t iga t ing  HCDA consequences through 
the design o f  inherently safe cores. 

Study carbide fue l  safety issues and develop programs, 
data and methods f o r  safety analysis o f  cores using 
carbide fue l .  

Develop LMFBR core design modif icat ions t o  protect  o r  
mi t iga te  core damage due t o  postulated accidents. 

Develop re1 i a b i l i t y  requirements and goals f o r  LMFBR 
shutdown systems and define ra t iona le  f o r  implementing 
requirements on CRBRP. 

Provide an assessment o f  the current status o f  technology 
i n  selected safety areas and recomnend programnatic 
changes. 
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Table I11 8-4 (cont'd) 

OBJECTIVES OF ltB9A'S FOR LMFBR SAFETY EXPERIMENTS PROGRAM 

189a # Contractor Program Objectives 

FFlZ7 HEDL Provide experimental da ta  base, data  analysis and 
analytical moldel development necessary to  quantify the 
basic mechanisms of fuel p i n  transient response for  use 
i n  LMFBR safety analysis. 

FF132 HEDL Provide fuel for in-pile test program. 

FFl34 HEDL Ilevelop and 1,arge-scale proof test an a i r  cleaning 
system suitable for use under LMFBR design basis 
accident conditions. 

OH044 HNL 

RX003 RL 

SA002 AI 

SA01 8 AI 

SGOl7 G E  

SGOl9 G E  

SG031 G E  

Perform ex-retactor experiments on flow i n  LMFBR fuel 
rod bundles iincluding effects of blockages, pipe 
breaks, and flow coastdown. 

Maintain survleillance of CSE vessel i n  the 221-T 
faci 1 i ty  . 
Ilevelop and verify codes t o  assess consequences of 
sodium releases; investigate the release of fuel and 
fission products from burning sodium; determine 
iierosol behavior for  HCDA analyses. 

Ilevelop core design t h a t  will prevent or mitigate 
iiccidents t o  'levels acceptable for main ta in ing  pub1 ic 
health safety t h r o u g h  inherent properties and for 
character is  tics o f  design. 

Examine feasilsil i t y  of in-vessel and ex-vessel heat 
removal systems fo r  large masses of molten fuel and 
(?stab1 ish functional design requirements for such 
!;ys terns. 

Develop models to permit  assessment o f  radiological 
consequences of LMFBR accidents. 

Identify and evaluate LMFBR core design concepts w i t h  
iimproved i n  herent safety characteristics. 

SG032 G E  Experimental iind analytical efforts t o  ga in  under- 
s t and lng  of the mechanisms of accident induced fuel 
failure and subsequent consequences. 

w i t h  plant protective system objectives and t o  assure 
tha t  component reliability i s  related to  shutdown 
system re1 iabii1.i ty .  

. I .  

SG033 G E  Assure t h a t  LMFBR shutdown system goals are consistent 
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organized so t ha t  cost  benefit trade off lecis ions can be made among the four areas 
w i t h  regard t o  the related R&D e f f o r t  and the potential payoff i n  an LMFBR design.  

1. Prevent Accidents 

In the area of accident prevention 
develop the rationale necessary t o  
occurrence of a l l  conceivable core 
sufficiently low so t ha t  these acc 
design. The development of this 1 
three effor ts .  

e f fo r t s  will continue t o  obtain data and 
demonstrate that  the probabi 1 i t y  of 
disruptive accidents i n  an LMFBR is 
dents need not be considered a basis of 
ne of assurance is be ing  accomplished via 

The f i r s t  e f fo r t  is to: 
engineered safety features incorporated i n  designs necessary to eliminate 
the need fo r  considering core disruptive accident; (b) determine the 
r e l i a b i l i t y  of as-designed engineered safety features; and (c) provide 
resul ts  of items (a) and (b) t o  designers fo r  incorporation into design 
ac t iv i t i e s .  These e f fo r t s  are  being conducted a t  General Electric and 
Westinghouse under 189a nos. CW078 and SGO33 respectively. 

(a) detennine the r e l i a b i l i t y  requirements fo r  

The second e f f o r t  t o  develop this l i n e  of assurance is to obtain the under- 
standing required t o  limit f a u l t s  locally to the involvement of individual 
fuel p ins .  These e f fo r t s  are  being conducted a t  General Electric and HEDL 
under 189a nos. SG032 and FF127, respectively, Argonne Hational Laboratory 
under 189a nos. CA081, CA082, and CA083, and a t  HNL under 189a OH044. The 
basic t h r u s t  of these programs is t o  1 )  demonstrate t ha t  rapid fuel element 
f a i lu re  propagation will not occur by demonstrating a l l  postulated rapid 
propagation mechanisms t o  be benign; 2 )  demonstrate t ha t  a suff ic ient ly  
large blockage of a subassembly is benign  so that  proper design of fuel 
element i n l e t  and ou t l e t  can make rapid blockage suff ic ient ly  low i n  
probability that  i t  need not be considered as  a basis of design; and 
3) demonstrate t ha t  slow blockage mechanisms propagate suff ic ient ly  slowly 
tha t  instrumentation can provide adequate warning t o  s h u t  down the plant 
safely. 
nature of rapid blockage and fuel element f a i lu re  propagation can be 

I t  is anticipated tha t  technical agreement concerning the benign 

established and documented by January 1976. The plan t o  
blockage mechanisms has not ye t  been completed b u t  will 
lat ion of operating experience (foreign and domestic) as 
International Working Group on Fast Reactor Safety activ 

address slow 
ncorporate accumu- 
part  of the 
t i e s  i n  Fuel 

Q 

I11 8-28 



Failure Mechanisms and investigation1 of instrumentation techniques i n  ongoing 
experimental programs such as FFM, SLSF, and TREAT. 

The third effort is  t o  at tempt  to develop inherently safe features which would 
utilize the inherent characteristics of materials and/or designs t o  fully 
prevent core disruptive accidents. These efforts are currently being 
conducted a t  Westinghouse, General Electric, Argonne National Laboratory and 
Atomics International under 189a nos. CW077, SG031, CA088, and SA018 respec- 
tively. These efforts will lead t o  a selection of promising concepts dur ing  
1975 and will establish by January 1977 the engineering bas is  for designing 
selected inherent safety features which can prevent o r  1 imit core damage 
dur ing  postulated accident sequences. 

2. L i m i t  Core Damage 

The cost and time required t o  demonstrate experimentally t h a t  energetic 
recriticality is  inherently precluded, coupled w i t h  the increased difficulty 
of demonstrating post accident heat ivmoval w i t h  larger core sizes, provides 
substantial incentive t o  place additional emphasis on a subassembly containment 
line of assurance. This line of assurance can be strengthened by increased 
mechanistic understanding of early phases of accident sequences which are 
being provided through elfforts conducted a t  GE, HEDL under 189a's SG032 and 

FF127 respectively and a t  ANL under 189a's CA081, CA082, CA083 and CA066 
using TREAT, SLSF and foreign reactors. These efforts coupled with an 
increased understiinding of inherent safety features which w i  11 be provided 
in 189a's CA088, (3077, SG031 and SAC118 will provide the basis for developing 
t h i s  line of assurance. Also, increased use of diagnostic instrumentation 
appropriate to large plants will be incorporated i n  experiments to 
develop an understanding of characteristic signals of failure sequences and 
response times o f  detecting instrumentation. These techniques augmented by 
additional refinentents i n  post accident heat removal which  will be accomplished 
by ANL i n  189a CACb19 will begin to provide new design options i n  the 1978 time 
frame. I t  i s  anticipated that SLSF will be upgraded t o  a test  size capability 
of 61 p ins  i n  1977. T h i s  test size will provide a greater capability t o  
understand and utilize incoherencies !wi th in  a test  bundle i n  establishing this 
line of assurance. Further refinements i n  all of the above understandings can 
be expected from a mre prototypic (size & spectrum) test environment such as 
t h a t  planned for SAREF. 
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3. Contain Accidents i n  Primary System 

In the area of accident m i t i g a t i h ,  effor ts  will continue to  strengthen the 
whole core involvement 1 ine of assurance by demonstrating a reduced potential 
for  energetic recri t i c a l i t y  and by increasing mechanistic understanding of heat 
removal. 
demonstrate a reduced potential for  recr i t ica l i ty  will be conducted by ANL as a 
subtask of 189a CAOl3. Out-of-pile experiments will be planned and conducted 
by ADJL as a subtask i n  189a CA083 t o  increase fundamental understanding of 
controlling phenomena. Planning for  and conduct of experiments t o  enhance 
understanding of post accident heat removal will  be accomplished by ANL i n  
189a CAO19. 
an engineering option of ex-vessel post accident heat removal. 

Planning for  the experimental program which will be required t o  

In 189a SG017 GE will provide by July 1975 a recammendation for  

Hhile some of the experiments conducted by ANL under 189a CA066 i n  the Sodium 
Loop Safety Facility (SLSF) will contribute t o  the above ef for t s ,  i t  is  l ikely 
that  larger test s ize  will also be required t o  reduce the need for  the con- 
servatism i n  existing designs,  which can lead t o  improved economics. Efforts t o  
establish feas ib i l i ty  and cost of a safety test f a c i l i t y  of improved capability 
(SAREF)  are being conducted by GE and ANL under 189a's SG038 and CA045, 
respectively, ANL will also investigate as a subtask of 189a CAOl3 the potential 
of other approaches t o  demonstrate the reduced potential f o r  energetic 
recr i t ica l i ty .  

4. Attenuate Radiological Products 

In the area of radiological consequence assessment, effor ts  w i  11 continue t o  
develop an in-vessel source term model which will semi -mechanistical ly track 
the transport and attentuation of fuel and fission products from the core 
region through the sodium to  the cover gas region and through leak p a t h s  i n  
the reactor vessel head to  the containment b u i l d i n g .  Attenuation credit  will 
be evaluated for  condensation of sodium vapor and condensible fission product 
vapors onto liquid sodium and structures. Credit for  fuel and fission product 
aerosol fa l lout  and plateout will be assessed. for  the transport through the 
sodium and i n  the cover gas region. Modeling e f for t s ,  definition of experi- 
mental needs, and overall coordination will be accomplished by GE under 189a 
SGO19. 
by SRI under 189a SX005. 

. 

Supporting experiments will be conducted by AI under 189a SA002 and 

In addition, effor ts  will continue t o  improve models and conduct confirmatory 
experiments for  sodium f i r e  analysis, aerosol behavior, and radiological dose 
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assessments. Basic modeling efforts will be accomplished by G E  under 
189a SGO19 and AI under 189a SA002. 
and aerosol behavior w411 be conducted by AI under 189a SA002 and by HEDL 
under 189a FF134. 

Suppor t ing  experiments for sodium fires 

Efforts have also been initiated t o  develop emergency containment a i r  cleaning 
systems and to proof-test such systems on an engineering scale. Laboratory 
scale tests will be conducted (contractor t o  be selected) t o  permit initial 
system concept selection. Proof testing will be accomplished by HEDL under 
189a FF134. 

5. Advanced Fuels 

The a.bove plan o f  action applies t o  the efforts required for  mixed oxide LMFBR 
reactor plants. The plan of action for other fuel systems involves f i r s t  the 
identification o f  differences between mixed oxides and each other candidate 
LMFBR fuel system and then detenniniing the implication of these differences on 
the safety of LMFBR reactors using t:hese fuel types. This is  then t o  be 
followed by deteilmining and resolving those safety issues t h a t  are critical 
to the viability of cmercial  reactors using such a fuel system. The above 
efforts are being conduicted a t  ANL aind Combustion Engineering under 
189a No. (3033 aid CC003 respectively. 
will also assist i n  completing the efforts required to  resolve the safety 
issues. This  plan of action applies t o  the development of all four lines of 
assurance . 

I t  is expected t h a t  other organizations 

MAJOR FACILITIES REQUIREMENTS 

Major facil i t ies used o r  anticipated t o  support the LMFBR safety experimental 
program are described i n  the Section I11 8.1.4. 

SCHEDULE 

Schedule of major activities and key milestones are provided i n  Tables I11 8-5 
through I11 B-9. 

CONTRIBUTING PROGRAMS 

The LMFBR Safety Experiments Program interfaces w i t h  the LMFBR Safety Facilities 
Program and therefore indirectly interfacles w i t h  al l  contributing programs 
described therein. 
Technology conducts programs i n  fuel development RAD which interface w i t h  and 

In addition, the Assirtant Director for Engineering and 

I11 EL31 



n 
Table I11 B-5 

LMFBR SAFETY PROGRAM - MAJOR PROGRAMMATIC MILESTONES 

. Complete Documentation o f  Technical Base f o r  
FFTF FSAR and CRBR PSAR ( M l ) a  June 1976 

. January 1978 

. Establish Technical Base f o r  CRBR FSAR (M3) January 1980 

. Establish Technical Base f o r  PLBR FSAR (M4) January 1983 

. January 1983 

. Establish Technical Base f o r  CBR FSAR (M5) January 1985 

Establ ish Technical Base f o r  PLBR Conceptual Design (M2) 

Establish Technical Base f o r  CBR Conceptual Design (M4) 

%ee Figure 111 B-1 f o r  milestone time sequencing 

Table I11 B-6 

LMFBR SAFETY PROGRAM - KEY MILESTONES 
LINE OF ASSURANCE 1 

. Resolve Safety Questions f o r  FFTF and CRBR Regarding 
Blockages, Rapid FEFP, and PAHR from Debris Beds 

January 1976 

. Recomnend Inherent Safety Design Features and 
Development Requirements 

Establ ish an Engineering Basis f o r  Designing 
Safety Features 

. 
June 1976 

January 1977 
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Table I11 8-7 

LMFBR SAFETY PROGRAM - K E Y  MILESTONES 
LINE OF ASSURANCE 2 

~ ~~ - ~ 

. Establish Understanding of Fuel Swebepout January 1976 

. 

. Complete Initial1 Development of SACCAT Code June 1976 

. Complete Duct Me1 t-through Tests December 1976 

. Establish Understanding of Fuel Fai lure Mechanisms January 1978 

Complete Upgradiing of FFM t o  61 Pin1 Capability March 1976 

Table I11 8-8 
-L__ 

LMFBR SAFETY PROGRAM - KEY MILESTONES 
LINE OF AlSSURANCE 3 

Complete Construction of SLSF (Conduct P I )  

Complete Preliminary Model i n g  of Fuel-Steel -Sodi urn 
Thermal Interactfon Effects 

Complete Small Scale U02 - Stainless Steel Boil Up 
Experiments 

Complete Ini t ia l  Coupling of REXCO aind ICECO Codes 

Provide Design Biisis for Mol ten-Fuel' Retention System 

Complete Large Scale  U02 - S t a i n l e s s  S tee l  B o l l  Up 
Experiments 

Define Conceptual1 Model for Fuel Transport 

Correlate Fuel Transport Model With Experiments 

Determine Final Oisposition and Coolability of Fuel 
Debris (for large! plants) 

October 1975 

January 1976 

June 1976 

June 1976 

1977 

1977 

March 1978 

January 1980 

1984 
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Table I11 6-9 

LINE OF ASSURANCE 4 
LMFBR SAFETY PROGRAM - KEY MILESTONES 

I n i t i a t e  Containment - Confinement Trade-off Study 

Complete I n i t i a l  Bubble Dynamics Experiments 

Complete Scoping Tests f o r  Plutonium Aerosol Source Term 

Complete Simple Conservative In-Vessel Transport Model 

Establ ish Basis for Aerosol Leakage Attenuation 

Establ ish Basis f o r  Aerosol Depletion i n  Meteorological 
Model s 

Establ ish F e a s i b i l i t y  and Credi t  f o r  A i r  Cleaning System 

uble Nature o f  Plutonium and Sodium Establ ish Inso 
Aerosols 

Establ ish Head 

Complete Proof 

Seal Leakage f o r  A l te rna t ive  Designs 

Tests o f  A i r  Cleaning Systems 

January 1976 

June 1976 

June 1976 

June 1976 

June 1976 

June 1976 

June 1977 

June 1977 

January 1978 

June 1979 

support reactor safety R&D. Also, the D iv is ion  o f  Reactor Safety Research i n  NRC 
conducts studies and experiments which are  monitored f o r  usefulness t o  LMFBR Safety 
Experiments objectives. 
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0 DOCUMENTATION FOR SECTION I11 8.1.3 

Additional current information on the I-MFBR Safety Experiments Program may be found 
i n  t he  topical  and ,progress repor t s  l i s t e d  below. 

. 

AI-AEC-I3144 

GEAP-14034-1 

GEAP-14038-1 

ANL-RDP -28 

ANL-RDP-38 

ORNL-TM-4729 

t h r u  

HEDL-ME-74-3 

AI Quar te r ly  Technical Progress Report Nuclear Safety 
Characterization o f  Na Fires and Fast  Reactor Fission 
Products 

Radiological Assessment Models, Dec. 1974 

Advanced Safety Analysis - Quarter ly  Report 

Reactor Development Program Progress Report 

Quar te r ly  Progress Report on Reactor Safety Programs 
Sponsored by t h e  Division of Reactor Safety Research 
f o r  Liquid-Metal Cooled Fast  Breeder Reactor Safety 

HEDL Quar te r ly  Technical Report 

I11 6-35 



I 1 1  8.1.4 LMFBR SAFETY FACILITIES 

PROGRAM OELJECTIVES 

The function of the reactor safety organization in the Division of Reactor Research 
and Development in the area of LMFBR safety facilities i s  to define and provide 
required experimental capability for confirmation o f  analytical tools used in 
accident analysis and to supplement the data base for fundamental understanding of 
phenomena for model development. 

Program Summary Objectives: 

Facility capability requirements and their relationship to overall LMFBR safety 
program objectives are discussed in the LMFBR Safety Experiment Program Summary. 
Program Summary objectives discussed below are associated with meeting the 
experimental requirements defined in that summary. These requirements are in 
addition to the basic requirement that the facility be capable of depositing 
sufficient energy in the test specimen (currently specified as 2800 jouleslgm 
total energy) to simulate maximum postulated accident scenarios. 

1. Size - To provide test capability sufficiently prototypic in size to permit 
understanding of control ling size dependent phenomena within a subassembly 
during the progression of postulated accident sequences. 

a. 

b. 

C. 

To provide out-of-pile test capability at FFM for full sized prototypic 
LMFBR subassembly tests on the schedule indicated. 

37 pins 6/76 
61 pins 4/77 
91 pins 11/77 
217 pins 81 78 

To provide out-of-pile capability at OPERA to simulate a full sized 
subassembly on the schedule indicated. 

15 pins simulating 61 10175 
36 pins simulating 169 6/76 

To provide in-pile test capability o f  up to 61 prototypic LMFBR fuel 
pins in SLSF in the schedule indicated. 

19 pins 9/75 
37 pins 6/76 
61 pins 7/77 

n 
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2. 

3. 

4. 

5. 

6. 

d. 

SP 

To provide in-pi 
SAREF by the mid 

:trum - To provide 
the mid 1980's. 

e test capability of 1 to 4 full sized subassembl 
1980's. 

prototypic neutron flux test environment in SAREF 

es in 

bY 

Period - To provide prototypic (1-5 msec) transient rate test environment by 
the mid 1980's. 

Experiment Duration - To provide prototypic experiment test duration on the 
schedule indicated. 

SLSF 9/ 75 
SAREF mid 1980's 

Preconditioning - To provide capability to study effects of preconditioning 
on the schedule indicated. 

Establ ish PBF Feasibi 1 i ty 12/75 
PBF (potential) 12/76 
SAREF (potential) mid 1980's 

Facility Alternatives - To define by March 1976 the complete inventory o f  
safety test facility capability necessary to establish economically viable 
LMFBR designs in the mid 1980's. 

a. Integral Test - To provide the option and/or capability to perform an 
integral test on the schedule iindicated. 

Complete feasibility study 6/75 
Foil 1 ow on mi 1 es tones TBD* 

b. Super Treat - To define by March 1976 the facility requirements 
additional l,o those incorporate!d in SAREF and determine the need 
for additional transient test capability. 

JUSTIFICATION 

A stronger line o f  assurance at the accident prevention level can be established with 
additional statistical data base and applicable operating experience. Traditionally 

*TBD - To be determined 
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this line of assurance alone has not been adequate to provide desired levels of 
assurance of safety. Additional accident mitigating features have been incorporated 
in reactor designs to provide additional levels of assurance. 

As discussed in the LMFBR Safety Experiments Program Summary the existing inventory 
of test facilities cannot provide the prototypicality to establish a mechanistically 
oriented line of assurance within the subassembly. Some of the same facility limi- 
tations do not permit further reductions in the presently employed conservatisms 
associated with establishing a line of assurance for whole core involvement or 
subsequent radiological consequences assessment. 
facilities are required to provide improved prototypical ity in the areas of size, 
neutron spectrum, transient period, and experiment duration. 

Faci 1 ity improvements and/or new 

Additional test capacity will also be required as advanced fuels testing programs 
develop. 

BACKGROUND 

The status of LMFBR safety technology (including important open questions) is 
summarized in Sections I1 1  B.1.2 and 111 B.1.3. The understanding reflected 
therein has largely resulted from bench scale experiments and experiments 
conducted in out-of-pile facilities OPERA and FFM and the TREAT in-pile facility. 
Background information on these and other facilities discussed herein is supplied 
beginning on page I11 B-45. 

Discussed in this element of the LMFBR program are the efforts to extend facility 
capability to meet the experimental requirements defined in Section I11 B.1.3. 

Major new scheduled facility additions and modifications include the SLSF/ETR, 
which initiated testing in October 1975, and the increase in capacity of the FFM 
from 37 to 61 full power pins, which is scheduled for completion in December 1975. 
(Actual FFM testing schedule i s  shown on page 111 8-36.) 
facility is now operational and could provide a test bed for a meaningful series 
of experiments incorporating preconditioned fuel pins. 

In addition, the PBF 

As is discussed in the Background and Plan of Action in Section I11 8.1.3 the capa- 
bility available in the above facilitles substantially limits the long range LMFBR 
experimental program. Continuing studies on safety testing facilities resulted in 
a decision in early CY 1974 to investigate feasibility of a Safety Test Facility 
(STF) which could extend existing experimental capability to study phenomena 
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6d encompassing larger experiment size, harder neutron spectrum, higher transient rates 
and longer experimenit durat ion as related to  LISFBR safety analyses. 

In  September 1974, A,NL completed an  initial study which was sent t o  essentially the 
entire LMFBR c o m n i t y  for comment. Heavy emphasis was placed on soliciting and 
incorporating i n p u t  from regulatory organizations.  Based on i n p u t  received, two 
i n i t i a l  conceptual design studies of an STF concept are being conducted by ANL and 
GE. The concept being studied has been named the Safety Reactor Experiment 
Facility (SAREF). The milestone for completion of the two parallel conceptual 
design studies of SAREF is  December 197'5. When conceptual design studies are 
completed, design criteria will be written and an Archi tect-Engineer contractor 
selection will be made. The standard sequence for facility design and construction 
w i l l  be pursued. 

The plan of action tjo use existing and scheduled facility capability is described 
i n  the following section. The 189a's which support this element of the LMFBR 
Safety Program Plan lare described i n  Table 111 B-10. 

- Table I11 B-lc, 

OBJECTIVES OF 189A'S FOR LMFBR SAFETY FACILITY PROGRAM 

1898 Contractor Program Objectives 

CAOl3 

CAM5 

ANI. 

ANL. 

(SG038) GE 

Define the in-pile experimental needs for 
a safety test facility. 

Develop a conceptual design, and t o  provide 
a conceptual design report, for the Safety 
Research Experiment Facility. 

Develop a conceptual design, and to  provide 
a conceptual design report, for the Safety 
Research Experiment Facil i ty.  
I 

NOTE: Other facility support  is accomplished as  an integral par t  of the experi- 
mental program and i s  reflected i n  the experimental program. (See 
Section I11 8.1.3) 

PLAN OF ACTION 

The objective of this element of the-LMFBR Program Plan will be achieved by the 
completion of facilities which are now i n  construction; by conduct of studies t o  
identify new facility needs; by modification and upgrading of existing facil i t ies 
and by design and construction of needed new facilities. 
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Under 189a CAOl3,  ANL w i l l  p rov ide  b a s i c  p lanning  and a n a l y s i s  t o  d e f i n e  e x p e r i -  
mental requi rements  and a s s e s s  p r i o r i t i e s  w i t h  r e g a r d  t o  o b t a i n i n g  d e s i r a b l e  
improvements i n  test c a p a b i l i t y  i n  advanced f a c i l i t y  d e s i g n s  and mod i f i ca t ions .  

As shown i n  F igu re  111 B-3 and Table  I11 B-11, t h e  faci l i t ies  p lanning  and a c q u i s i -  
t ion  activit ies p rov ide  an o r d e r l y  p rogres s ion  i n  exper imenta l  c a p a b i l i t y  l ead ing  
t o  p r o g r e s s i v e l y  s t r o n g e r  lines of a s su rance .  The p r e s e n t  p lanning  a n t i c i p a t e s  t h a t  
adequate  lines of a s su rance  can be provided  wi th  v i a b l e  economic impact i n  t h e  
mid 1980's. 

The p lan  of action as r e l a t e d  t o  t h e  program summary o b j e c t i v e s  is: 

1. Experiment Size - Experiment size is a ve ry  impor tan t  c o n s i d e r a t i o n  i n  
p r o t o t y p i c  test  c a p a b i l i t y  which o f f e r s  p o t e n t i a l  f o r  s tudy ing  phenomena 
h i c h  can m i t i g a t e  p o s t u l a t e d  core d i s r u p t i v e  even t s .  
t empera tu re  d i s t r i b u t i o n s  and t h e  subassembly wall  p rovide  i n t e r e s t i n g  
a d d i t i o n a l  margin t o  remove fuel benignly  i n  p o s t u l a t e d  untermina ted  
d i s r u p t i v e  even t s .  Understanding t h e s e  effects can  a l s o  narrow the 
range  of u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  subsequent  p o s t u l a t e d  whole core 
involvement.  For t h i s  reason a concen t r a t ed  effort has  been p u t  i n  
p l a c e  t o  unders tand  size effects on a subassembly scale. 

Subassembly 

A s t u d y  has  been conducted by ANC under 189a IA016 t o  d e f i n e  requi rements  
t o  upgrade SLSF t o  61 p i n  c a p a b i l i t y .  
t i o n s  will n o t  b e  r e q u i r e d  and t h e  upgrading is scheduled  for  comple t ion  
i n  August 1977. 

I t  appea r s  t h a t  e x t e n s i v e  modi f ica-  

T h i s  c a p a b i l i t y  will be a v a i l a b l e  t o  suppor t  M3 o b j e c t i v e s .  

FFM c a p a b i l i t y  a t  ORNL i s  p r e s e n t l y  being upgraded under 189a OH044 from 19 
to  61 p i n  c a p a b i l i t y  ( scheduled  f o r  completion i n  October 1975). T h i s  
c a p a b i l i t y  will be a v a i l a b l e  t o  s tudy  thermal h y d r a u l i c s  effects of 
i ncohe renc ie s  i n  tempera ture  d i s t r i b u t i o n  and will suppor t  SLSF i n - p i l e  
experiments.  S imul taneous ly  i n  t h e  OPERA loop ,  ANL under 189a CA083 1s 
i n v e s t i g a t i n g  f e a s i b i l i t y  of the rma l -hydrau l i ca l ly  modeling l a r g e  bundles 
w i t h  t r i a n g u l a r  arrays. A comparison o f  FFM and OPERA results will provide  
guidance  on t h e  f e a s i b i l i t y  o f  i n - p i l e  t r i a n g u l a r  test a r r a y s  which provide  
one  o p t i o n  t o  i n v e s t i g a t e  effects of scale i n  e x i s t i n g  f a c i l i t i e s  (TREAT 
and SLSF). 
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SIZE 

SPECTRUM 

PERIOD 

IN-PILE 
IZXPERI- 
MENT 

DURATION 

PRECON- 
DITIONING 

FACILITY 
ALTERNA- 

TIVES 

SCHEDULE CY 
75 76 77 78 79 80 81 82 EXPERIMENT CAPABIIXTY - 

FFM 19 p ins  Exis t ing I I 
I 

I 
I 
I 
I 
I 
I 

' I  I 
37 p i n s  
61 p i n s  
9 1  p ins  

217 p i n s  

I 
I 

I 
I 

I OPERA 

36 p ins  s imulat ing 169 I , I 15 p ins  s imulat ing 6 1  I v 

7 pins ;  no improvement scheduled 

PBF I 
1-7 p i n s ,  ( f e a s i b i l i t y  being s tudied)  

SLSF 

I ' I  I 
I 1  I 
I 1  I 
I I  I 
I I  I 
I I  I 

I I 

I 

TREAT 

I 
I 
I 
I 
I 

I 
I 

I I I 

I I 
19 p i n s  I 

61 p i n s  I I 1 . 1  I I 
I I I I I 1  

4 SIA I I I I I I  

37 p ins  

I 
I available, SAREF 

I I I I I I I I 
I I I I I I I I 

I I I 
I I I 

I 
I 

- 
TREA'P Thermal (no irnprovement scheduled) I I 
SLSF Thermal converted t o  s e m i  p ro to typic  I I 
PBF 
SAW P Proto typic  I 

Thermal converted t o  semi pro to typic  ( f e a s i b i l i t y  being s tudied)  
ava i lab  l e t  

I I I I ] I  I I I 
I 
I 
I 

I Decision I 

I SLSF no t r a n s i e n t  c a p a b i l i t y  I I 
T w i r  20 mec (no iniprovement scheduled) I 
PBF TBD I 11 Decision1 I I 
SAREI? TBD I I P Decision I 

TREAT 20 sec (no improvement scheduled) I 
PBF 48 hours (no improvement scheduled) I I 
SLSF 'b2 weeks I (I, flow t r a n s i e n t  only 
SAREI7 TBD 11 , v  Decision1 

I 

I a v a i l a b l e v  ! I  I * I I 
I I 

I ' I  I available, 

I 
,I I I I I 

I 
I 
I 

I I I I 

TREAl (Unobtainable) 1 ;  I 
SLSF (flow t r a n s i e n t s  only) I 1  I 
PBF TBD Decision 'firavailable maybe I 
SAREF TBD I 0 Decision I I a v a i l a b l g  

I 1 I I 1 
I 

DISPERSAL MECHANISMS I 
TESTS I 7 f e a s i b i l i t y  study completed I I I l l  I I I 
SUPER I I v i d e f i n i t i o n  of need and fequirements 
TREAT I I I I I I I I I 

LMFBR SAFELTY FACILITIES 
SCHEDULE OF MAJOR ACTIVITIES 

Figure! I11 8-3 
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Table I11 B-11 

LMFBR SAFETY FACILITIES 
LIST OF MAJOR MILESTONES 

Provide FFM 37 pin out-of-pile capability 

Provide SLSF 19 pin in-pile capability 

Provide OPERA 15 pin (simulating 61) out-of-pile capability 

Establish PBF feasibility for preconditioning 

Provide FFM 61 pin out-of-pile capability 

Provide OPERA 36 pin (simulating 169) out-of-pile capability 

Provide SLSF 37 pin in-pile capability 

Provide FFM 91 pin out-of-pile capability 

Provide SLSF 61 pin in-pile capability 

Provide FFM 217 pin out-of-pile capability 

Provide SAREF capability 

8/76 

9/75 

10/75 

12/ 75 

4/ 77 

6/ 76 

6/ 76 

11 /77 

7/77 

8/78 

1 /83 

While some effects o f  scale can be studied as outlined above (especially early 
stages of the postulated events) many phenomena such as heat transfer processes 
in substantially disrupted geometries are better studied with greater 
prototypicality in such areas as surface to volume ratios. Consequently, 
studies are underway by GE and ANL under 189a's SG038 and C A W 5  respectively, 
to determine the feasibility and cost associated with providing greater test 
size capability. At the same time, the options to provide more prototypic 
neutron spectrums, transient rate and experiment duration are befng examined 
As mentioned earlier, conceptual designs of such a safety test facility, SAREF, 
are being prepared by GE and ANL. Conceptual designs anticipate that the 
facility can be in operation by 1982. Experiments in SAREF can therefore 
support M4 and M5 objectives. (See Section I11 B.l.1) 

2. Spectrum - TREAT, the only operating in-pile test facility utilizes a thermal 
driver core. SLSF also will utilize a thermal driver core. Test spectrums 
in these facilities can be hardened by the use of filters but prototypic 
hard neutron flux spectrums cannot be obtained and substantial experimental 
compromise i s  required. 
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Studies have been made t o  modify TREAT w i th  a converter section i n  the core t o  
provide a more prototypic f l u x  spectrum. This remains an open option which i s  
no t  ac t i ve l y  lbeing pursued a t  th' is time. 

The proposed new Safety Test Fac i i l i t y  (SAREF) would provide a prototypic hard 
neutron spectrum. 

3. Period - Transients f o r  some postulated LMFBR accident scenarios are i n  the 
1-5 msec range. SLSF w i l l  have no t rans ien t  capab i l i t y  and TREAT can only 
provide a t ransient environment down t o  e0 msec. 
an environment w i th  a 5-10 msec period bu t  the proof tes ts  t o  establ ish 
f e a s i b i l i t y  have not been conducted. A high p r i o r i t y  i s  being established 
t o  negotiate the necessary arrangiements w i th  NRC t o  accomplish these proof 
tes ts  on PBF i n  FY 1976. 
t o  be feas ib le  i n  PBF i t  i s  intended t o  conduct tests on preconditioned fue l  
which overlap ex is t ing  data i n  period and extend t o  the lower feasible 
periods i n  PBF. A schedule f o r  these tes ts  w i l l  be developed a t  ANL as a 
subtask o f  189a CA081. 

PBF can po ten t i a l l y  provide 

I f  experiments i n  the laver  period ranges prove 

There i s  also a question o f  po ten t ia l  f o r  fuel-coolant i n te rac t i on  (FCI)  a t  
the lower period (higher t rans ien t  rates) which remains open. NRC proposes 

t o  accomplish small scale (gms o f  U02) tests i n  the Annular Core Pulsed 
Reactor (ACPR) a t  Sandia. The speci f ics o f  t h i s  t e s t  capab i l i t y  are no t  y e t  
defined. There i s  some uncertainty t h a t  these tests can close the issue. 

As a r e s u l t  o f  the above, low perlod tes t i ng  w i l l  be an important requirement 
I n  SAREF and fu r the r  e f f o r t s  w i l l  be expended by ANL i n  189a CA013 t o  assess 
the p robab i l i t y  o f  successful reso lu t ion  o f  the FCI issue w i t h  ex is t ing  f a c i l i -  
t i e s  and the corresponding p r i o r i t y  o f  the requirement f o r  SAREF. 

4. Experiment Duration - An extended experiment durat ion i s  desirable t o  b u i l d  
i n t o  the t e s t  specimen prototypic - f i ss ion  product decay energy, t o  establ ish 
prototypic thermal-hydraulic i n i t i a l  conditions, and t o  precondit ion the tes t  
fue l .  O f  the two avai lable i n - p i l e  f a c i l i t i e s ,  SLSF has an extended experi- 
ment durat ion capab i l i t y  (la weeks max.) bu t  no t rans ien t  capab i l i t y  wh i le  
TREAT has a t rans ien t  capab i l i t y  b u t  only an %30 sec experiment duration 
capabi l i ty .  Thlis combination leaves gaps i n  the required t e s t  capabi l i ty .  
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5. 

6 .  

Preconditioning* - The potential use of PEP to investigate the effects of 
preconditioning and with transients in the 5-20 msec range is being studied 
by ANL under 189a CA081. Feasibility has not yet been established. 

Facility Alternatives - Under 189a CAOl3 ANL will continue to study experiment 
capability requirements. Also reviews with NRC, LASL, Sandia, and reactor 
vendors will be continued to establish facility capability requirements with 
the constraining criteria being the establishment of economically viable 
design options in the mid 1980's. 

a,  

b. 

Special purpose experiments - a1 ternate and/or additional options to the 
SAREF concepts are being studied under ANL 189a CA013. The objective 
of such tests would be consolidating and demonstrating the current belief 
that the potential for energetic recriticality during a core disassembly 
is extremely low due to the physical conditions which exist in the core 
during the disassembly process. If such experiments are undertaken now, 
i t  i s  projected t h a t  they would contribute to meeting milestone Mg, and 
subsequent o bj ectives. 

Super TREAT - It is anticipated that it may not be economically or 
technically attractive to construct a SAREF facility with flexibility to 
provide complete coverage of the broad range of capability required in 
advanced safety test facilities. It is planned to optimize SAREF on a 
cost-benefit basis considering other options available -- i.e. use of 
or modifications to existing facilities and/or construction of new 
special purpose facilities. An additional consideration will be the 
increased test capacity required for testing advanced fuels. 

These considerations make it appear at this time that an improved facility 
of the TREAT class (primarily in site and flux spectrum) could be 
required. Decision on this alternative will be made in March 1976 in 
conjunction with the selection of a SAREF concept. 

%When irradiated fuel is removed from a reactor and cools, cracking of the fuel 
occurs. 
a reactor prior to transient testing in order to heal the cracks and obtain 
more prototypic fuel conditions. 

Preconditioning refers to a short steady state irradiation period in 

Q 

Q 
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d3 MAJOR FACILITIES 

Major f a c i l i t i e s  used o r  ant ic ipated ta support the LMFBR safety program are 
described below. Addit ional information on each o f  these f a c i l i t i e s  may be found 
i n  the documentation l i s t e d  on page I11 8-50. 

TREAT : 

1. Location - Idaho National Engineering Laboratory 

2. Contractor - Argonne Universi t ies Association and The Universi ty o f  Chicago 
(Operators o f  Argonne National Laboratory) 

3. Startup Date - September 1959 

4. Descript ion - The Transient Reactor Test (TREAT) f a c i l i t y  i s  an adiabatic 
(uncooled during t ransient)  thermal heterogeneous reactor t e s t  f a c i l i t y  
designed t o  evaluate reactor fuel's and s t ruc tu ra l  materials under conditions 
simulat ing various types o f  nuclear excursions and t rans ien t  undercooling 
s i tuat ions.  Fuel me1 tdown, therminl in te rac t ion  between overheated fuels and 
coolant, and the t rans ien t  behavior o f  ceramic fuels f o r  high-temperature 
systems can be studied. The TREAT reactor i s  also avai lable f o r  neutron 
radiography. 

5. Shared Use - The f a c i l i t y  i s  used approximately 67 percent o f  the time f o r  
safety w i th  remaining time being i r t i l i z e d  by the Of f i ce  o f  Engineering and 
Techno1 ogy . 

6. Capabi l i ty  - 
a. Size - f u l l  length fuel  pins 
b. Spectrum -. Thermal 
c. Period - qV20 msec 
d. Experiment duration - %30 f u l l  power sec. 
e. Preconditioning - No 
f. Energy depiosition during t rans ien t  - 2000-3000 MW-sec. (600°C max. fue l  

temp. ) 

SLSFI ETR : 

1. Location - Idaho National Engineering Laboratory 

2. Contractor - Argonne Universi t ies ,Association and The Universi ty of Chicago 

(Operators o f  Argonne National Laboratory) 
Aero j e t  Nuclear Corporation 
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3. Startup Date - Sep mt r 1975 ( chedul 

4. Description - The Sodium Loop Safety Facil i ty (SLSF) is a complete in-pile 
sodium test f a c i l i t y  capable of testing up t o  37 f u l l  sized p ins  i n  the 
Engineering Test Reactor (ETR). The SLSF is capable of providing prototypic 
thermal-hydraulic simulation of present generation LMFBR reactor cores. The 
nuclear t e s t  conditions are determined by the ETR reactor which provides the 
neutron environment. 

5. Shared Use - The ETR will be ut i l ized 100% fo r  SLSF tests until  1982 a t  
which time the Gas Reactor In-pile Safety Test Facil i ty (GRIST) will begin 
t o  ut i l ize  the ETR approximately 33 percent o f  the time w i t h  increasing 
u t i l i za t ion  t o  6 7  percent i n  1985. 

6. Capability - 
a.  Size - presently 37 f u l l  l e n g t h  fuel p ins ;  61 f u l l  length fuel p ins  

being studied. 
b. Spectrum - thermal 
c. Period - None (steady s t a t e  flow transient) .  
d. Experiment Duration - 42 f u l l  power weeks. 
e. Preconditioning - Yes 
f .  Energy deposition d u r i n g  transient - None 

PBF : 

1. Location - Idaho National Engineering Laboratory 

- 

2. Contractor - Aerojet Nuclear Corporation 

3. Startup Date - Undetermined f o r  LMFBR t e s t s .  

4. Description - The Power Burst Faci l i ty  (PW) was designed t o  provide experi- 
mental data which will aid i n  defining t h e  behavior of nuclear fuels i n  
off-normal operating conditions. The PBF reactor can be operated i n  three 
modes which are: 
(2) a natural power burst mode which yields reactor periods as  short as 
1.3 msec. and power peaks a s  large as 240 GW; and (3) a shaped burst mode 
resulting i n  energy generations up  t o  1500 MW-sec. Because of t h i s  
ve r sa t i l i t y ,  the PBF can provide power and energy densi t ies  i n  test fuel 

(1) a steady-state mode w i t h  power levels  up t o  40 MW; 
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/ \  w rod clusters that  are analytical1.y derived f o r  a broad spectrum o f  postulated 
reactor accidents. 

5. Shared Use - The PBF f a c i l i t y  i s  presently dedicated to  NRC l i g h t  water 
reactor safety programs but negotfations and studies are underway to  use PBF 

f o r  short periiDd and/or preconditioning tests on LMFBR fuel. 

6. Capabil i ty - 
a. Size - 1-7 f u l l  length fuel  pins. 
b. Spectrum - thermal. 
c. 
d. 
e. Preconditloning - Yes. 
f. 

Period - 1.3 msec design but not demonstrated. 
Experiment duration - Essential ly indef in i te.  

Energy deposition during t ransient - TED*. 

FFM: 

1. 

- 
Location - Hol- l f ie ld National Laboratory 

2. Contractor - Union Carbide Corpora.tion (Operator o f  H o l i f i e l d  National 
Laboratory) 

3. Startup Date - Apr i l  1971 

4. Description - The Failed Fuel Mockup (FFM) i s  an e l e c t r i c a l l y  heated sodium 
tes t  f a c i l i t y  i n  which out-of-pi le test ing can be performed with e lec t r i c  
cartr idge heaters that  simulate the fuel  pins i n  a port ion of an LMFBR fuel 
assembly. I n  experiments carr ied out i n  FFM the behavior o f  the simulated 
p a r t i a l  subassembly under blockage and other tes t  conditions o f  LMFBR in terest  
can be studied, and information on thermal and hydraulic characterist ics o f  
various subassembly configurations may be obtained. The FFM capabi l i ty  i s  
presently being extended from 19 pins t o  61 f u l l  power pins wi th  the f l e x i b i l -  
i t y  t o  eventually provide a t e s t  clapability o f  a f u l l  subassembly (217 pins). 

5. Shared Use - FRY i s  presently f u l l y  u t i l i z e d  by.LMFBR safety programs. I n  the 
past some test ing was conducted i n  support o f  the Of f ice o f  Engineering and 
Technology i n  tlhe area o f  thermal-hydraulic perfonnance i n  steady state 
opera t ion. 

*TBD - to  be determined 



Q 6. Capabil i ty - 
a. 

b. Spectrum - N/A 
c. Period - N/A 
d. Experiment duration - Indef in i te.  
e. Preconditioning - N/A 

Size - 19 f u l l  length fuel  p in  simulation wi th greater capabi l i ty  
scheduled up to  217 pins. 

OPERA: - 
1. 

2. 

3. 

4. 

5.  

6. 

Location - Argonne National Laboratory 

Contractor - Argonne Universit ies Association and the University of Chicago 
(Operators o f  Argonne National Laboratory) 

Startup Date - September 1972 

Description - The OPERA (Out-of-pile Expulsion and Re-entry Apparatus) i s  used 
f o r  sodium expulsion and re-entry tests. 
obtain infonnation on coolant behavior fol lowing flow transients such as flow 
coastdown and pa r t i a l  o r  complete i n l e t  flow blockage. 
lated by cartr idge heaters capable o f  producing a uniform o r  axial  varying 
heat f lux. The tes t  section design incorporates certain f l e x i b i l i t y  which 
a1 lows performance o f  flow transients wi th  several d i f f e ren t  characterist ics. 

The objective o f  these tests i s  t o  

Fuel pins are simu- 

Shared Use - The OPERA f a c i l i t y  i s  u t i l i z e d  100 percent f o r  LMFBR safety 
programs. 

Capabil i ty - 
a. Size - 15 f u l l  length fuel p in  simulation wi th  36 pin capabi l i ty  

scheduled. 
b. Spectrum - N/A 
c. Period - N/A 
d. 
e. Preconditioning - N/A 

Experiment Duration - Essential ly indefinite. 

SAREF: 

1. Location - TBD 

- 

2. Contractor - TBD 
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kulJJ 3. 
4. 

5. 

6 .  

Star tup Date - Hlid 1980's. 
Description - SAREF will be a f a c i l i t y  which can extend experimental 
capabi 1 i t y  t o  study phenomena encompassing 1 arger  experiment size, harder 
neutron spectrum, h ighe r  t r ans i en t  r a t e s  and longer experiment duration. 

Shared Use - I n i t i a l  use will be 100 percent LMFBR safe ty  program. 
use w i t h  the GCFR s a fe ty  program is expected t o  develop. 

Shared 

Capabili ty - (Design Objectives)* 
a.  Size - 4 f u l l  length LMFBR subassemblies. 
b. Spectrum - Prototypic 
c. Period - 1-5  msec. 
d. Experiment Duration - Indefini te .  
e. Preconditioning - Yes 

CONTRIBUTING PROGRAMS! 

The Assis tant  Directair f o r  LMFBR F a c i l i t i e s  Support manages TREAT and ETR operations 
and manages the const,ruction of major construction pro jec ts  such a s  SLSF. The 
Off ice  of Reactor Safety Research Coordination (under the  Assis tant  Administrator 
f o r  Environment and Safety) operates PBF a s  a dedicated f a c i l i t y  f o r  NRC**. 
I r rad ia t ion  services a r e  obtained from EBR-I1 and GETR. FFTF will a l s o  provide 
i r r ad ia t ion  serv ices  when i t  comes on line. 

* I t  has been determined that the design object ives  f o r  size and spectrum can be 
obtained. 
obtained. 

**NRC a l so  is modifying the Annular Core Pulse Reactor (ACPR) a t  Sandia f o r  shor t  
period testing o f  small samples of fuel material  and is conducting sa fe ty  test 
f a c i l i t y  s tud ies  at ,  LASL. 

I t  has not been determined t h a t  capab i l i t i e s ,  c ,  d and e can be f u l l y  
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DOCUMENTATION FOR SECTION 111 8.1.4 

. (OPERA) R0101-1000-SA-01 "System Design Descr ip t ion f o r  the Out-of-Pi le 
Expulsion and Re-entry Apparatus," A p r i l  1973. 

(FFM) ORNL-TM-3656 "F ina l  Systems Design Descr ip t ion o f  the Fa i led  Fuel 
Mockup o f  the LMFBR," September 1972. 

(PBF) UC-80 "F ina l  Safety Analysis Report f o r  PBF," P a r t  1, J u l y  1971. 

(TREAT) ANL/RAS 72-23 Appendix A, B, C "TREAT Baseline Descr ip t ion Document." 

(SLSF) ANL/RAS 72-11 "Safety Analysis Report f o r  FEFP In -P i le  Loop i n  
Experimental Test Reactor," A p r i l  1972. 

(SLSF) ANL/RAS 71-40 "Prel iminary System Design Descr ip t ion o f  the Fuel 
Element F a i l u r e  Propagation I n - P i l e  Loop System," December 1971. 

(SAREF) ANLIRAS 74-23 "ANL Findings and Reconendations on LMFBR Safety Test ing 
Needs and Acqu is i t ion  o f  New I n - P i l e  Test ing F a c i l i t i e s , "  March 1975. 

. 
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. 
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, 

I11 B-50 

Q 

Q 



I11 8.2 

4.2.7.8s ADDITIONAL INFORMATION ON ENERGETIC LMFBR CORE DISRUPTION 

111 B.2.1 

a. What i s  the natui-e o f  the R&D e f f o r t ?  
b. 

ERDA STAFF RESPONSES TO THREE QUESTIONS POSED BY INTERNAL REVIEW BOARD 

How does i t  f i t  4nto the sequence o f  events i n  the overal l  LMFBR program? 
What impact w i l l  completion o f  t h i s  R&D have on LMFBR designs? 
How i s  incompleteness o f  R&D taken linto account i n  reaching the conclusion 
tha t  we should proceed? 

c. 

A more extensive discussion o f  the question o f  the potent ia l  e l iminat ion o f  HCDA 
core energetics i s  provided i n  the attached statement t o  an ACRS HCDA subcommittee. 

General Discussion 

The nature o f  the R&D e f f o r t  i s  t o  (1) idlenti fy and el iminate a l l  potent ia l  i n i t i -  
ators o f  serious accidents and (2) providle design character ist ics and engineered 
safety features t o  mi t iga te  the consequences o f  a l l  accidents which are postulated 
to proceed through the in-depth protect ive defenses which have been established. 

The safety R&D f i t s  i n t o  the sequence o f  events i n  the overal l  LMFBR Program i n  two 
ways. F i r s t ,  R&D i s  conducted t o  define the essential propert ies and character- 
i s t i c s  of the LMFBR system which are required t o  provide a safe envelope o f  
operation w i th  only a general regard to  economic considerations. Secondly, ad- 
d i t i o n a l  R&D i s  performed t o  narrow the uncertaint ies and increase the design 
options avai lable t o  the designer so tha t  the economics o f  the LMFBR systems may 
be improved. 

Incomplete R&D i s  taken i n t o  account on each LMFBR reactor project  by providing 
su f f i c ien t  design margins and engineered safety features t o  safely encompass 
uncertaint ies which ex i s  t . 
Specif ic Discussion . ,  

a. 

brs 

Nature o f  R&D 

(1) Iden t i f i ca t i on  and Elimination c,f In i t i a to rs :  

One o f  the pr inc ipa l  avenues being investigated and the one tha t  leads 
t o  the greatest safety payoff ik ;  t h e  prevention o f  any i n i t i a t i n g  event 
progressing i n t o  a very severe accident. 
e f fec t i ve  and complete solution. 

I t  i s  c lear tha t  t h i s  i s  an 
It requires spec i f i c  e l iminat ion of 
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power-coolant mismatch situations and the design of an LMFBR lends itself 
well to these specific design approaches. Sodium is an excellent heat 
transport fluid and the large inventory of low pressure sodium coupled 
with redundant heat transport loops makes very unlikely a loss-of-coolant 
accident situation. Mechanisms for potential energy-producing reactivity 
addition can be identified and controlled through known design techniques. 

Early safety R&D efforts have established an understanding of the 
inherent negative Doppler coefficient which can protect the plant against 
postulated reactivity insertions. All mechanistically conceivable 
reactivity additions can be designed to be accomodated within the 
Doppler control and the redundant independent reactor shutdown systems 
which terminate the postulated accident sequence. 

The only primary mechanism discussed today wherein an LMFBR would be 
subject to an energetic dispersal is a large scale sudden and violent 
ejection o f  sodium coolant. 
nature of sodium superheat and sodium and gas voids as initiators of 
damaging reactivity addition mechanisms in a properly designed LMFBR. 
With respect to potential flow transients, RAD has demonstrated the 
ability of the fuel subassembly to accommodate large sudden blockages. 
Proper design of the subassembly inlet and outlet can thereby eliminate 
the potential of sudden damaging blockages. A l s o ,  RAD efforts have 
investigated postulated initiators of rapid fuel element failure propa- 
gation and shown them to be nonpropagative. All evidence of long term 
operational failures of test fuel elements have shown such slow failures 
to be benign in nature also. 

Associated R&D has established the benign 

As a result of the R&D program, no initiating mechanism for a core dis- 
ruptive event of any sort in an LMFBR has been identified which does not 
involve a failure to scram. Therefore, LMFBR designs provide redundant 
and independent reactor shutdown systems that will terminate accident 
initiating events, thereby maintaining the core in a stable geometry, 
cooled by one of several cooling systems. Additional time and operating 
experience of other reactors will be available to further strengthen this 
case for plants following CRBR. 
which a large positive reactivity worth zone could be suddenly and 
coherently voided as a result of a loss of flow accident accompanied by 

Further, except for LMFBR designs in 
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a total loss  of control function, there is no possible i n i t i a t o r  of an  
energetic core disruption prior t o  large scale loss of core integrity. 

Provision af Design Characteristics and Engineered Safety Features: 
Since there are some uncertainties in the quantitative da ta  t o  support 
the absolute value of the extremely low probability of accident 
initiators, R&D efforts are being undertaken a t  several contractor 
sites t o  show there i s  no damaging energy release possible from LMFBR 
accidents, including those which may involve total loss of core integrity. 
The FFTF wa.s designed t o  accommodate the effects of a postulated core 
disruptive accident. Disruptive events are a1 so being discussed 
relative to CRBR. 

In addi t ion  t o  R&D related t o  core disruptive energetics, R&D is  also 
performed in areas t o  support I.MFBR projects’ ability t o  provide adequate 
design marsiins t o  accomnodate core disruptive events. R&D programs are 
conducted t o  demonstrate (1)  t h a t  the energy releases i n  this type of 
event are limited, (2 )  t h a t  the ensuing mechanical consequences can be 
acconmodate!d i n  the design and (3) t h a t  the final disposition of the 
core debris i s  coolable. 

With regard, t o  limited energetics there are  three basic components in 
the establishment of the case against energetics. In order to  get an 
energetic excursion other t h a n  by primary means (sodium voiding, dis- 
cussed above), i t  is necessary t o  have three factors: 
one large, dense fuel mass; second, a mechanism for rapidly and 
coherently assembling these masses; and t h i r d  a means of converting 
fission heat energy in to  mechanical work. 
for specified designs, i t  is  possible t o  demonstrate an upper bound on 
the energetics associated with a core disruptive event. Early 
calculations which were performed i n  a grossly conservative way 
indicated that large energetics i n  a disrupted core required h i g h  
density core masses t o  be accelerated together w i t h  a large degree 
of coherence. 

f i r s t ,  more t h a n  

Based on current knowledge 

Early R&D efforts were focused on demonstrating the lack of accelerating 
mechanisms (other t h a n  gravity). The largest such accelerating mechanism 
was the postulated fuel-coolant interactlon which has been demonstrated 
to  have much lower energy conversion efficiency than  tha t  required to  
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produce energetic recriticality. Other potential accelerating mechanisms 
such as chemical interactions were also investigated. These investiga- 
tions have shown all such postulated accelerating mechanisms t o  be benign 
i n  nature. 
coherent acceleration necessary for  an  energetic recriticali ty  will occur 
for such postulated disruptive events. 

I t  is, therefore, essentially precluded t h a t  the large 

The above argument rests on the lack of any large coherent acceleration 
mechanisms despite searches for  some such effect. The case appears t o  
be even stronger i n  that the h i g h  density core masses assumed i n  present 
calculations are not physically realizable in a real reactor system. This 
is believed t o  be the case because the temperature of molten U02 is  above 
the boiling point of stainless steel. The large inventory of stainless 
steel intermixed w i t h  the melting U02 would "boil up" and disperse the 
U02 thereby reducing the effective density. Even wi thout  the steel or 
other volatiles such as fission products, fuel vapor appears capable of 
causing an early boil-up. 
investigate this phenomena. In-pile experiments will also be conducted 
as appropriate t o  strengthen t h i s  argument, 

Out-of-pile experiments are underway t o  

The third factor is  t h a t  of a working  fluid. Without an efficient heat 
transfer t o  an efficient working fluid (= sodium), l i t t l e  mechanical 
damage could be generated. All empirical da ta  t o  date indicate very 
low efficiency energy transfer, thus vastly reducing the damage 
potential. R&D conducted i n  the past has led t o  decreasing estimates 
of the energetics which are possible in core disruptive events. 
of the conservatism which s t i l l  exists i n  these estimates, future R&D 
will decrease the estimated energetics even further. 

Because 

Reiterating, i t  appears t h a t  n ~ n e  of the indicated conditions are met. 
The required fuel masses would never be present. There are no 
effective accelerating means t o  assemble separated masses; and i f  
energy were so generated, i t  would not be effective i n  causing mechanical 
damage. The only question is one of establishing tha t  base of data and 
experience t o  ensure t h a t  no exception lies undetected. 

Given the magnitude and nature of the energetics described above, it is 
a relatively straightforward design problem t o  design the prfmary system 
to accomnodate the energy release even using extremely conservative 
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assumptions. The design techniques have been verified by experimental 
tes ts  i n  scaled models u p  to one-tenth scale. 

b. Timing of Safety Research Relative to Overall LMFBR Program 

As noted above LMFBR safety R&D has helped establish bases for  the design of 
FFTF and CRBRP. When compared to what is actually expected, both of these 
plants provide substantial safety margins and design features t o  provide a 
demonstrably safe operating envelope. 

The  t iming  of future LMFBR safety R&D is oriented toward three objectives: 

(1) Provide further data and support for the FSAR of the CRBRP t o  improve 
the quality of the safety arguments. 

(2) Provide substantially different design options for the PLBR which 
provide potential for improving the quality of safety analyses and/or 
economic enhancement. 

(3) Provide additional data and options for improved safety analyses and/or 
economic enhancement of the CBR. 

Upon completion of those developments necessary to establish t h a t  energetics 
form no reasonable part i n  a safety and licensing assessment, a variety of 
design f lex ib i l i t i es  will be available to the designer. The massive 
mechanical strengths now b u i l t  into reactor structures may give way to more 
functional and flexible approaches. Fuel handling, refueling, and contrql 
functions i n  particular may be substantially simp1 ified,  t a k i n g  advantage of 
the low pressure primary system. Further, t h e  only serious concern for 
large scale LMFBR plutonium contamination accidents arises from possible 
vaporization of plutonium i n  an energetic HCDA. Without energetics , there 
can be no vaporization. 

c. Taking Account of Uncompleted R&D 

While the output of the safety research and development program may be expected 
to  provide guidance in safety assessment appropriate consideration of other 
major factors must  be included i n  a judgment as to the adequacy of the safety 
of a p l a n t  and the required effort  on R&D. These include considerations of 
design, analytical methods, material, equipment, process variables, fabrication, 
construction quality assurance, inspection, testing, maintenance, repair and 
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operation. The a c t i v i t i e s  undertaken i n  the R&D program cannot, of themselves, 
assure or  negate the safety of a reactor. The resul ts  of the safety RAD 
program, structured a s  i t  is toward understanding the potential effects of 
defects and e r ro r s ,  and many postulated off-design, abnormal and emergency 
conditions, including the postulated bypassing of many plant monitoring and 
operator corrective actions, represent only one o f  many major i n p u t s  which 
m u s t  necessarily be part  of the overall assessment of reactor design and 
reactor safety. 

While the accumulated information i n  nuclear technology, a s  i n  any other body 
o f  knowledge, is not without gaps and uncertainties i n  the accuracy of data, 
there a re  many options available i n  design, engineering and operation of 
nuclear plants t o  compensate fo r  uncertainties and to  reduce associated risks 
to  acceptably low values. 
servative engineering practices providing substantial margins , safety devices 
and systems, f iss ion product barriers,  and a wide range of choices i n  
operating parameters can a l l  be used t o  produce safe and rel iable  plants. 
Similar options f n engineering and operational practices are  available to 
resolve additional questions tha t  may a r i s e  dur ing  construction and testing 
and over the operating l i f e  of a nuclear f a c i l i t y .  

Redundancy i n  components and instruments , con- 

The existence of areas where knowledge is incomplete does not mean that 
appropriate c r i t e r i a  and evaluation models cannot be established for evaluating 
safety adequacy. 
characterize the expected behavior, together w i t h  margins based on conservative 
assumptions where knowledge is  incomplete. T h i s  procedure establishes reason- 
able bounds on phenomena under consideration or otherwise provides an 
adequately conservative approximation. The goal i s  t o  apply an overall degree 
of conservatism appropriate t o  the state-of-the-art, u t i l i z i n g  sound engi- 
neering judgment. 
being achieved. 

Safety evaluations can be performed us ing  calculations tha t  

The evidence i s  overwhelming tha t  this goal can be and I s  
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kr3 I11 8.2.2 DISCUSSION OF HYPOTHETICAL CORE DISRUPTIVE ACCIDENTS 

The following remarks were presented by W. H. Hannum, Assistant Director for Reactor 
Safety, Division of Reactor Research and Development, t o  the ACRS-HCDA Working Group 
on March 14, 1975, and were included as par t  of the public record of the May 27-28, 
1975 Public Hearing on the PFES. 

I t  is not my intent today to go i n t o  the question as to  whether hypothetical core 
disruptive accidents can occur. I believe the Committee should, before i t  completes 
i t s  deliberations, speak directly t o  t h a t  issue, and I can assure you that there are 
a variety of people, particularly from the vendor side, who are quite anxious tha t  
you should specifically consider the question of whether core d i s r u p t i o n  i s  a 
credible accident o r  not. 
core disruptive accident is  considered to be a class 8 or a class 9 event, we must 
have a means for assessing the phenomena involved with it. Whether it is  judged t o  
be class 8 o r  9 only affects the judgment as to  whether or  not i t  is worth doing 
anything about such events. Therefore, the VENUS* and PAD* type of representation 
must  be considered, and will, under any circumstances, remain as  par t  of the develop- 
ment program. 

I do not  intend t o  speak t o  that this morning. Whether a 

Rather, the particular question t h a t  I would like t o  bring to  the Convnfttee's atten- 
t i o n  is  whether such a core d is rupt ion ,  should i t  occur, would be characterized by 
- no damaging energy release. If t h a t  contention can be proven, then the conclusion 
of your study as t o  what core disassembly accidents should be considered can i n  no 
way be properly characterized i n  terms of energy releases. We believe t h i s  conten- 
t ion  can be generally demonstrated ( w i t h  only identifiable exceptions) for LMFBR's 
o f  arbitrarily large sizes. Basically, t h e n  the sense i n  which I come t o  you today 
is t o  t r y  and encourage you t o  consider that a vote on "how b i g  i s  b ig"  may be 
improper. 

Another way we can make the distinction that I wish to  raise here is t h a t  between an 
explosive type event and one which simply involves a fuel melting. 

We can speak of core disruptive accidents, s tar t ing from very simple considerations. 
If we have any reactor system i n  which, for some reason or other, there i s  no control 
available, and we ask the question: How are we going to  shut the core down, the 
answer i s  very clear. I t  is going to be by removal of fuel. Now, removal of fuel 
can either be benign, such as  a fuel melting or sweepout or  some such, or i t  could 
be energetic; an explosion type. I t  Is our expectation today'that we will be able 
t o  show t h a t  the "explosion" can never be an energetic explosion b u t ,  a t  most, a 
pressurization. 

*VENUS and PAD are computer analysis codes. (See Section I11 8.1.2) 
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I would l i k e  t o  make one other general comment i n  introduction, and tha t  i s  tha t  
we do have t o  be careful when we look a t  questions such as the function o f  VENUS 
and PAD as to  what the question i s  that  t h i s  par t i cu la r  segment o f  the methodology 
adresses, and what the s ign i f i can t  output o f  the methodology i s .  What we are 
speaking t o  i n  t h i s  area i s  the manner i n  which a core disperses, and we are making 
the assumption a t  t h i s  point  t ha t  there w i l l  be a dispersal, and tha t  we do have 
t o  address the question o f  how w i l l  fue l  be removed from a core i n  an accident 
s i tuat ion.  The output of t h i s  has t r a d i t i o n a l l y  been characterized by an energy. 
To the extent t ha t  the contention o f  the day i s  correct, the relevant output of 
t h i s  type o f  calculat ion may be much more i n  terms o f  defining what the products 
o f  such an event might be as they represent input t o  a radiological  source term. 
Again, I w i l l  return t o  tha t  po in t  i n  a moment, keeping i n  mind the need t o  speak 
t o  what the question i s  and what the output i s .  

We're ta l k ing  about a core disrupt ion here, and we are going t o  assume tha t  we are 
ta lk ing  about a whole core accident. Before concluding my introductory remarks, I 
would l i k e  t o  come back very b r i e f l y  t o  the question as t o  whether the whole core 
assumption i s  a Val i d  one. H is to r ica l l y ,  the course o f  hypothetical accidents, 
design basis l i m i t i n g  accidents f o r  f a s t  reactors, s ta r t s  some twenty years ago 
with the Bethe-Tait accidents i n  which, as you know, we assumed that the reactor 
core became dry, in tac t ,  and the clad i s  removed. Then, w i th  the core operating a t  
f u l l  power we l e t  i t  slump under gravi ty.  A number o f  reactor structures and 
containment were b u i l t  with the assumption tha t  i t  was prudent t o  contain explosive 
energy release tha t  would fo l low from that. As we became a b i t  more mechanistic 
about the descript ion o f  what happens i n  t h i s  area, i t  was decided tha t  t h i s  was 
unrea l i s t i c .  
o f  went away. 
maximum pos i t i ve  sodium void. And i t  turns out i f  you remove the sodium from 
precisely the pos i t i ve  r e a c t i v i t y  zones instantaneously you can calculate an 
exc i t ing  enough explosion tha t  we do not need t o  look t o  the Bethe-fait  type 
postulation. 
technical basis, i n  t h a t  i f  we look a t  the thermal hydraulics and the voiding 
patterns tha t  can occur i n  a core, there seems t o  be l i t t l e  reason t o  conjecture 

tha t  the maximum pos i t i ve  sodium void can i n  any real izeable sense occur. Now, 
again I w i l l  come back t o  t h a t  one. When tha t  one went away, the design basis 
trended toward what would happen i f  somehow o r  other t h i s  reactor went on a one- 
mil l isecond period and the fue l  was fragmented and dispersed i n  the sodium. With 
a rap id  heat transfer, from molten fue l  t o  sodium, t h i s  would generate a strong 
enough working pressure t o  disassemble the core. Unfortunately, some people d i d  

The Bethe-Tait accident was never r e a l l y  done away with; i t  j u s t  sor t  
Next, we turned our a t ten t ion  t o  what happened i f  we got the 

I n  the past several years, tha t  one has gone away on a somewhat more 

I11 B-58 



some experiements i n  t h a t  area and showed t h a t  heat transfer is not t h a t  r a p i d ,  so 
t ha t  one went away. More recently, then, we have come back almost to  the Bethe- 
Tai t  type of accident, where i n  a loss-of-flow scenario, the core is  voided by 
boiling. Half o r  three-quarters of the core melts down, and forms a nice, dense 
pool i n  the bottom. The bloody stumps fall from above, acceler'ating under gravi ty ,  
h i t t i n g  the dense pool just a t  the time of prompt critical. This, a g a i n ,  permits 
us to  get back i n t o  the $100 a second type ramp rate which, a g a i n ,  gives us a 
reasonable amount of excitement. Unfortunately, there are some problems w i t h  t ha t  
as a contention, i n  that i t  is  now proposed (principally by Jackson, Stevenson, and 
Fauske) t h a t  this dense pool which is postulated t o  collect a t  the bottom may be 
physically unrealizeable. Such a collection of molten oxide is expected t o  boil up 
and f i l l  the available space so there I s  no room for  these bloody stumps t o  drop 
into.  There are also the postulations of means of accelerating these bloody stumps 
by a rapid vaporization of sodium above the core. B u t ,  experimentally, aga in  t h a t  
does not  occur. 
mechanism whereby we can, I n  some physically achievable sense, accelerate materials 
together i n  a very r a p i d  time frame. 
f i n d  that nature does no t  permft such assembling. 

In each of these instances we f i n d  ourselves looking for  a 

In  each instance i n  which we t ry  this, we 

What we are faced w i t h  here i s  the potential for changing a twenty-year precedent. 
For twenty years we have looked for and found ways i n  which an LMFBR might  undergo 
an energetic dispersal. 
we may have come t o  about the end of t h a t  road of searching for  ways to get an  
energetic dispersal. 

I am suggesting to you today, for your consideration, t h a t  

The one exception which I promised t o  come back t o  i s  on the question of sodium 
void. 
grow, both i n  magnitude and i n  extent. I t  I s ,  therefore, quite reasonable to 
expect that large LMFBR's can be designed w i t h  the potential for inserting large 
amounts of positive reactivity'very rapidly from a sodium voiding. 
for your consideration t h a t  we can stipulate that as par t  of the design and review 
process the designer be required t o  speak very directly to t h a t  question, and t o  
give adequate assurance to appropriate. licensing authorities tha t  there I s  no way 
that t h a t  particular effect can lead to' a public hazard. You can design a reactor 
so that I t  does not have t h i s  large positive void coefficient. But ,  this requires 
explicit design tradeoffs. . ' * 

Other than from the sodium void effect, an energetic excursion requires the 
rapid compaction of an LMFBR core. The compaction rate must be such as to insert 

As LMFBR's get larger, the positlve component of the sodium void effect w i l l  

I would suggest 
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Q something i n  the order of $100 per second. 
b u t  to  speak of a dollar i n  10 milliseconds (which, of course, is  the same rate). 
A dollar of reactivity generated by moving material in a very compact core i s  not 
easy t o  come by, and 10 milliseconds is not a long time. The portions fnvolved i n  
t h i s  would have t o  be either quite large, or  there would have t o  be a substantial 
space available for  gravi ty  o r  other forms of acceleration. The velocity of motions 
of pieces coming together here is measured in centimeters per millisecond. These 
are rather high velocities, and they are hard t o  come by. Now, if we couple t h a t  
w i t h  the boil-up, we feel we are very close a t  this p o i n t  t o  be ing  able t o  say t h a t  
there is  no way t o  insert this kind of reactivity i n t o  an LMFBR. 

1 prefer to  speak not of $100 per second, 

Now, le t ' s  talk for just a moment about the boil-up phenomenon. 
these materials together rapidly with high velocities, we're going t o  have t o  start  
by separating them. The traditional approach is t o  melt the oxide, collect i t  in a 
pool, formed by plugging the bottom, letting the material fall onto the plug. B u t ,  
some very simple considerations suggest t h a t  the concept of a dense pool of molten 
oxide sitting i n ,  and probably containing stainless steel, i s  unrealizeable. The 

boiling p o i n t  of steel is a t  a lower temperature than the melting point of the oxide; 
therefore, this mixture apparently will necessarily be a f ro th .  We can go beyond 
t h a t .  A recent curve of Fauske's (Figure I11 8-4) notes t h a t  even without consider- 
ation of the steel, i f  you have any serious decay power and any significant 
thickness; the fuel itself will boil and disperse. And I f  you get in to  the very 
cold fuel, down t o  less t h a n  a percent of nominal power, the slow crit icali t ies 
t h a t  would occur there would provide enough power t o  boil the fuel and disperse i t .  
I t  does no t  look like i t  i s  very serious t o  consider a meltdown of a very large 
fraction o f  the core when there i s  no decay power t o  melt i t ,  i n  tha t  the only thing 
t h a t  i s  going t o  melt the fuel i n  the f i r s t  place is  decay power. 
the window where there is  enough power t o  melt i t ,  and not enough t o  cause it t o  
boil, then a t  this p o i n t  i t  looks like the slow criticalities t h a t  would occur as 
the stuff starts t o  come together would itself generate enough power to  boil the 
fuel and disperse i t .  

If we look t o  bring 

If you get into 

Now, another consideration t h a t  Dr. Fauske has noted is t h a t  in any such boiling as 
this, you would rapidly get from the dense material you start  with t o  a bubbly flow 
w i t h  the volumes you have, The boiling would start  t o  go i n  channels, b u t  would 
almost imnediately go i n t o  a fully dispersed and fluidized regime. Again, this is  
probably true whether we are talking about  fuel vapor as the boil-up medium, or 
whether we are talking about  some of the contained materials, such as stainless 
steel or some of the volatile fission products. The expectation i s  that the 
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material would bo 
to  generate heat , 
of a t  least fuel, 
not seem to  be a 

1 u p  and f i l l  and pressurize a contained space. As you continue Q 
the heat has t o  be represented i n  terms of additional vaporization 
b u t  more likely, steel, causing a pressurization. And there does 
articular 1 ikel ihood t h a t  t h a t  pressurization would remain long 

If enough for there t o  be a physical settling of the particles w i t h i n  the mixture. 
you start  collecting a dense pool on the bottom, even from settling, and i t  gets 
more than, say, ten centimeters thick, i t  again is going t o  boil internally and 
disperse itself. 

Where we stand a t  this point is  t h a t  we are not  yet ready t o  be so bold a5 t o  
change the basic design approach for LMFBR's yet. 
effort, by the way, i s  t o  prove "impossible," not to  prove "never." T h i s  i s  no t  
a probabilistic type proof; it  is a phenomenological type proof t ha t  energetic 
recri tical i t ies cannot happen i n  real izeable situations. We do not propose t o  rest 
this argument on an "unlikely" argument, b u t  on a "physical impossibility" argument. 
I n  order t o  get t o  the p o i n t  where we would be prepared t o  suggest substantial 
change i n  design approach we do want t o  see confirmatory experiments, and we also 
want to  have the critical public search and review t o  identify problems t o  be sure 
t h a t  there are no t  some minor secondary effects t h a t  are overlooked. 
t o  go in to  a series of large plant studies, hopefully leading to  the construction 
of near-commercial plants of something like a thousand megawatt size. The 
Subcomnittee's advice i n  the near term as t o  whether or  no t  these large plant 
studies should consider the possibility t h a t  the energetics have gone away would be 
most useful. 

Our approach to  completing this 

ERDA is about 

Let me note also t h a t  the question we are speaking of here goes beyond just the 
question of energetics. Energetics represent a systems challenge. B u t  energetics 
represent not only a requirement on the design of structures and internals. I t  
also turns out  t o  be one of the key determining factors as to  what f s  the relevant 
radiological source term t h a t  we must speak to  when considering serious accidents. 
Let me note two things with regard to  that.  
plutonium is t o  be a public hazard, i t  must be i n  persistent aerosol size escaping 
from containment. (There are essentially no soluble sources from a f a s t  reactor.) 
The current dominant potential source for  a plutonium aerosol i s  from condensation 
of fuel vapor. Now, if  i n  fact what we are alluding t o  today happens t o  be true, 
t h a t  there are no energetic dispersals, then there will be very l i t t l e  fuel 
vapor--possibly even none--which can reach the boundaries of the reactor system. 
If there are no plutonium vapors, there can be no condensation of t h a t  vapor i n  a 
free space so as  t o  form a persistent aerosol. And our plutonium problem may be 

First is with regard to  plutonium. If  
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c3 dramatically reduced. Further, the transport mechanism fo r  fission products and 
plutonium through the deep sodium pool is  by means of a vapor bubble. Again, i f  
we do not have dramatical energetic excursions, our vapor bubble, our transporter 
of hazardous material t o  the boundary o f  primary system, is much less efficient, 
and the potential radiological source term would be substantially reduced. Thus, 
doing  away w i t h  energetics will not only change the mechanical design, b u t  will 
dramatically alter our radiological considerations. 

Let me note one other factor, essentially as an aside, w i t h  regard t o  energetics. 
T h a t  is w i t h  regard t o  u n i t s .  If we are speaking of energetics, we used t o  speak 
i n  terms of pounds of HE equivalent. We now speak i n  terms o f  megawatt seconds of 
work potential. 
depends dramatically on the working fluid. Just to  illustrate the type of problem 
we have, FFTF structures were designed assuming t h a t  sodium was the working fluid, 
and that heat transfer was the means of fuel-coolant interaction. The plant was, 
therefore, designed t o  a 150 megawatt second accident, which represents Curve A of 
Figure I11 0-5. T h i s  is a very steep and very damaging pressure curve. We now 
believe that that type of energy transfer does not occur, bu t  t h a t  i n  fact the 
energy transfer would be much slower. Much of the working fluid, if  we d i d  have 
an energetic excursion, would be fuel vapor, w i t h  sodium entrainment. Curves B 
and C of Figure I11 B-5 are characteristic of the pressure curve that would occur. 
The curves integrate out  i n t o  the range of many hundreds t o  a thousand megawatt 
seconds of work energy. And yet, i n  fact, they represent less damage potential 
than the 150 megawatt second Curve A. As a minimum should the Committee decide 
to determine by vote "how big i s  big," I would caution you t o  be careful of your 
u n i t s ,  because a vote for  500 megawatt seconds may represent less of a challenge 
t o  the mechanical designer t h a n  a vote of 150 megawatt seconds, i f  you are t a l k i n g  
about different working fluids. 

B u t  what  any accident represents i n  terms of work potential 

Let me come back to the question as t o  whether this phenomenon, the boil-up, might  
actually occur on a subassembly scale as well as on a whole-core scale. Our 
suspicion i s  that the answer t o  that question is yes. Unfortunately, a t  this po in t  
I am not aware of a modeling capability adequate to provide a reasonable assessment 
beyond a suspicion t h a t  t h a t  is true, and we also do not have the facilities to do 
the experiments t o  either conform or  illustrate the po in t .  
that ultimately we will be able t o  show that the assumption that I made when I 
began, t h a t  we are talking of a whole core involvement, is i n  and of itself an 
irrational assumption. Again, the potential impact on design of t h a t  would be 
traumatic, b u t  there is  no experimental evidence t o  date. The question of plugging 

I t  is our suspicion 

I11 8-63 



I I 1 

m 
m 
P 

100 

i 

5 50 

c 
13 

w 
c 

cn 
03 
w 
e 
a 

0 

I I I 

BEGINNING OF SLUG IMPACT (REXCO) 

A - v E N D  OF REXCO CALCULATION 

\ 

A ,150 MW-sec HCDA OF FFTF PSAR 

50 IO0 I50 200 t 
SLUG iMPACT 
FOR RIGID 

VESSEL WALL 

AV, IO6 CC 

PRESSURE-VOLUME RELATIONSHIPS 
FOR DISASSEMBLY FUEL TEMPERATURES 

Figure I11 8-5 



precludes a very strong movement i n  t h a t  direction a t  t h i s  po in t .  We will defer 
t h a t  for  the next time such a Subcommittee as this is instituted. We will come 
back t o  you i n  five years and speak on t h a t  question. With current design, the 
subassembly can wall seems t o  be a good structural member. 
ourselves t h a t  we understand what the force fields are in a subassembly, t h a t  could 
lead the  designers t o  very different types of designs t o  take advantage of this 
one way o r  the other. 

If we can satisfy 

Just for a moment, l e t  us consider what will be the significance when we are 
sufficiently satisfied of this phenomemon t o  take action on i t .  The concept of the 
horrendously thick steel forging t h a t  we use as a head becomes irrelevant. We can 
go t o  simple seals. The concept of very heavy walled internal structures can be 
dispensed with and much more efficient design of internals can be considered. The 
concept o f  relatively thick-walled vessels may give way t o  thinner vessels , compound 
vessels, o r  other types of approaches. A great deal of the very heavy structures 
may be dispensed w i t h ,  allowing greater access, allowing greater design flexibility, 
allowing greater inspectabil i t y  , allowing greater re1 iabi 1 i t y  , efficiency , and 
certainly substantially reduced costs. Those are all positive. 

We must no t  overlook the fact t h a t  unless we accept the contention t h a t  core 
disruption is incredible, this or any other type of dispersal mechanism i n  which we 
involve the b u l k  of the core p u t s  a very high  priority on our ability t o  deal w i t h  
debris. I t  introduces a great many new potentials for dispersal. And, so we have 
t o  be much more thorough and careful i n  our  review as t o  how we remove heat 
following an accident. Thus, I do not  t h i n k  we have quite worked ourselves o u t  of 
a job  by accepting this contention. 

I would also note t h a t  a t  this stage, and perhaps throughout  the consideration of 
this, we feel t h a t  a fully mechanistic description of t h i s  type of phenomenon is 
not forthcoming. First of a l l ,  we are making an immediate jump from the SAS type 
representation, where we are representing an intact core, by assumptions, t o  a 
whole-core involvement. We expect t h a t  this will ultimately be shown to  be wrong. 
The attempt t o  properly and mechanistically follow through a sequence which i s  
wrong does not appear t o  be a fruitful venture. 

I would note w i t h  regard t o  the potential long-term significance o f  this t h a t  I 
consider n o t h i n g  t o  be more destructive o f  rational design than t o  insist on 
conservative criteria relative t o  something t h a t  will not happen. I can attempt t o  
illustrate what I mean by a few examples where technology has temporarily foundered 
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on irrelevant critiera. One example is the stiff wing of the airplane. Airplane 
design was held u p  for many years by the recognition t h a t  you are not going t o  l e t  
the wing of the airplane flap. When we finally decided t h a t  letting them f ap  was 
a good idea, planes immediately became much more reliable, with much more h gher 
performance. One t h a t  goes back a b i t  further is  the matter of solid tires 
quite a few years the concept of anyth ing  other than a solid t i re  was considered 
totally irresponsible. 
for quite awhile until the multiple-function component came about. And, of course, 
we are all  aware o f  the need for  a rocket casing t o  be self-standing. We foundered 
i n  the rocket race for many years by insisting t h a t  a rocket casing stand under its 
own weight. The need for straight razors t o  last for  years led t o  many bloody faces 
before Mr. Gillette came along. And we are s t i l l  struggling w i t h  the question as 
t o  whether i t  is responsible to design in to  the inelastic materials regime. 

For 

Single-function electronics held up the electronics field 

In conclusion, then, we earnestly solicit your advice relative 
regard t o  what should be a design basis accident. Many people 
project  w i l l  advise you t h a t  t h e  proper design basis accident 
current technological experts advise us tha t  the proper design 

to  the HCDA w i t h  
i n  the Clinch River 
s no HCDA. O u r  
basis accident is  

one that i s  i n  no wise characterized by damaging energy. The  current guidance we 
have from the regulatory authorities is tha t  we ought  t o  consider something which 
is a pretty good-sized bang, and s t i l l  meet 10 CFR 100. And there are even some 
who continue t o  suggest t h a t  the proper design basis accident is t h a t  which i s  as 

ng the design. ( I  trust you will not come t o  big as  we can take w i t h o u t  impact 
that last reconunenda ti on. ) 

Coming back t o  the topic of today s meeting, VENUS and PAD, we will, of course, 
continue our emphasis i n  this area. Our emphasis i n  t h i s  area and our encourage- 
ment t o  the parallel SIMMER* effort will continue because we feel t h a t  i t  i s  very 
necessary t h a t  we understand the phenomena t h a t  will be involved in core dispersal. 
These codes will f i l l  the role, i n  one way or  another, of leading us t o  an under- 
s tanding of the key phenomena. 
are speaking of i n  terms of a source term. Currently, i n  our design efforts, we 
are continuing t o  address the question of energetics as a fallback t o  cover our 
ignorance. 
As t o  what should be a design basis accident, I would not suggest t h a t  we could 
rigorously define this today, b u t  we do need t o  be careful when we select i t  t ha t  
we do no t  select artificial and improper criteria. 

They will a lso be required t o  define what i t  i s  we 

I hope in the near future t h a t  much of tha t  ignorance will be removed. 

*sTMMERi s a computer analysis code now under development. 
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I11 B.3 ADDITIONAL INFORMATION OM THE BASIS FOR PROCEEDING WITH ME DESIGN, 
LICENSING, AND OPERATION OF LMFBRS WHILE THME LMFBR SAFETY PROGRAM PROGRESSES 

As discussed i n  other supplemental material provided, there i s  a basis for  proceed- 
ing with the design, licensing and operation of LMFBRs i n  advance of the completion 
of the R&D program. While the accumulated information i n  nuclear technology, as i n  
any other body o f  knowledge, is not without gaps and uncertainties i n  the accuracy 
of data, there are  many options available i n  design, engineering and operation of 
nuclear plants t o  compensate for  uncertainties and to  reduce associated risks t o  
acceptable low values. Redundancy i n  components and instruments, conservative 
engineering practices providf ng substantial margins, safety devices and systems, 
f ission product barriers,  and a wide range of choices i n  operating parameters can 
a l l  be used to  produce safe and rel iable  plants. Similar options i n  engineering 
and operational practices are available to  resolve additional questions that may 
ar i se  d u r i n g  construction and testing and over the operating l i f e  of a nuclear 
fac i l  i ty. 

The existence of areas i n  which knowledge is incomplete does not imply t h a t  appro- 
pr ia te  c r i t e r i a  and evaluation models cannot be established for evaluating safety 
adequacy. 
the expected behavior, together w i t h  margins based on conservative assumptions 
where knowledge is  incomplete. T h i s  procedure establishes reasonable bounds on 
phenomena under consideration o r  otherwise provides an adequately conservative 
approximation. The goal is  t o  apply an overall degree o f  conservatism appropriate 
t o  the state-of-the-art, u t i l i z i n g  sound engineering judgment. The evidence is 
overwhelming tha t  this goal can be and is being achieved. 

Safety evaluations can be performed us ing  calculations that  characterize 

The specific current example of this i s  embodied i n  the approach being taken on the 
CRBR Project. The following information describes t h i s  approach. 

A basic premise of the CRBR design is the conviction that a c r i t i c a l l y  evaluated 
functional design i s  the controlling factor i n  attaining the h i g h  level of safety 
desired i n  the CRBR. The safety o f  CRBR I s  assured by a natural "three levels 
of design" approach. Very briefly,  the three levels are  1)  quality o f  design, 
2 )  protection against the consequence of malfunctions, and 3) design features to  
protect against extremely unlikely fau l t s .  The three levels are further described 
below: 
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The f irst  level focuses on the r e l i a b i l i t y  of operation and prevention of accidents 0 
through the in t r in s i c  features of the design, construction, and operation o f  the 
plant, including quality assurance, redundancy, t e s t ab i l i t y  , inspectabi 1 i ty , main- 
ta inabi l i ty ,  and f a i l s a f e  features of the components and systems of the ent i re  plant. 

T h e  second level focuses on the protection against "Anticipated Faults" and "Unlikely 
Faults" which m i g h t  occur despite the care taken i n  design, construction, and opera- 
t ion of the plant s e t  forth i n  level one above. T h i s  protection will ensure that  the 
plant is placed i n  a safe condition following one of these faul ts .  

The t h i r d  level focuses primarily on the determination of events t o  be classified 
a s  "Extremely Unlikely Faults" and their  inclusion i n  the design basis. These 
f a u l t s  are  of low probability and no such events are expected to occur dur ing  the 
plant lifetime. Even though they represent extreme and unlikely cases of f a i lu re s ,  
they will be analyzed u s i n g  nominal calculations and sensi t ivi ty  studies to  
establish conservative design bases. 
tion of severe accidents which are  even less  probable t h a n  "Extremely Unlikely 
Faults. '' 

In addition, level three includes considera- 

FIRST LEVEL OF DESIGN 

An important safety consideration i n  any reactor is the ab i l i t y  to  remove heat from 
the fuel suff ic ient ly  rapidly tha t  the fuel elements do not overheat du r ing  any 
operating o r  accident conditions. 
coolant because i t s  favorable combination of viscosity,  conductivity, vapor pressure 
and specific heat provide an excellent i n t r in s i c  capabili ty t o  remove heat. In 
addition, a sodium-cooled reactor such as the CRBR operates hundreds of degrees 
below the boiling point of t h e  coolant. Therefore, the reactor and plant need not 
be pressurized, the sodium surface above the reactor is a t  essentially ambient 
pressure and the pressure exerted on the coolant system boundaries of the plant is 
only tha t  of the pump head required to  force coolant through the reactor. For these 
reasons, the sodium-cooled reactor has very l i t t l e  stored thermodynamic energy, an 
outstanding advantage compared w i t h  h i g h  pressure systems, fo r  maintaining system 
integrity.  Small leaks, should they occur, have l i t t l e  likelihood of propagation 
into larger ones. 

From t h i s  point of view, sodium is an excellent 

Moreover, the low stored energy i n  the primary heat transport system does not of 
i t s e l f  generate pressure w i t h i n  the secondary containment structure i n  case of 
leakage, greatly reducing containment structural  requirements r e l a t ive  to those 
required fo r  l i g h t  water reactor plants. 
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c3 A number o f  conceptual and preliminary plant design decisions were made to incorpor- 
ate design features which by the i r  very nature avoid the Occurrence o f  accidents o r  
mit igate accident effects should they occur. Examples o f  these features are: 

Reactor fuel subassemblies wi th fuel p in  spacing designed to reduce potential 
f o r  reductions i n  coolant flow due to fuel swelling o r  part iculate buildup on 
the fuel i t s e l f .  
Coordinated mechanical design o f  core assembly, core support and fuel handling 
machine control system to assure that a subassembly cannot be positioned by 
the fuel handling machine i n  B location o f  increased reac t iv i t y  o r  o f  reduced 
flow ( re la t ive to design values f o r  the subassembly.) 
A reactor vessel i n l e t  plenum which provides mult ip le i n l e t  passages and also 
prevents passage o f  foreign material greater than a certain dimension to  
prevent f 1 ow blockage. 
A core rest ra in t  system to  control core posit ion and assure that no posi t ive 
power coeff ic ient  can be introduced by core movement. 
A device i n  each control rod dr ive mechanism to prevent any rapid outward 
motion o f  rods. 
Provisions to prevent gas f r o m  entering the reactor core, including: 
vortex suppressor t o  prevent gas entrainment a t  the reactor vessel and 
continuous bleeding of small bubbles f r o m  the system. 
A thermal l i n e r  i n  the reactor vessel to maintain the upper vessel walls 
100-150°F cooler than the reactor out le t  temperature and protect them fm 
thermal transients associated with power level changes. 
A negative Doppler coefficient o f  react iv i ty,  to provide a re l iab le  feedback 
mechanism enhancing s t a b i l i t y  i n  n o m 1  operation and l i m i t i n g  reac t iv i t y  
excurisions. 

SECOND LEVEL OF DESIGN 

Recognizing that  errors, o r  malfunctions can occur despite the care and attention 
given to  the plant design, construction, operation and maintenance, two avenues 
of second level pursuit  have been followed: (1) a number of protective systems 
and plant features have been provided t o  protect against malfunctions, and to 
l i m i t  the i r  consequences to definable and acceptable levels, and (2) a program 
of development and test ing has been undertaken to define c lear ly  the nature and 
consequences of accidents, such as fuel fai lure, which might resu l t  fm malfunc- 
tions. These features are: 
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The plant protection system provides p r w p t  automatic shutdown o f  the reactor 
when necessary t o  correct f o r  off-normal conditions i n  the system. Two 
redundant, independent systems are provided, each system i s  complete with 
diverse sensors, logic, and c i rcu i t ry ,  and each actuates separate sets of 
neutron absorber rods. 
A l l  systems, components and structures required f o r  continued safe operation 
are designed t o  withstand o r  be protected from the effects o f  abnormal environ- 
mental conditions such as earthquakes o f  floods. 
The three-loop design provides a redundant heat removal system such that  core 
cooling i s  maintained even i f, a t  the same time as a loss o f  normal power, an 
act ive canponent o f  one loop i s  disabled. 
Pony motors are provided as a backup t o  natural c i rcu la t ion f o r  the primary 
and intermediate loop pumps o f  the heat transport system. They operate 
automatically upon reactor scram or  shutdown t o  provide forced coolant 
c i rcu la t ion w i th  o r  without o f f  s i t e  powr. 
Extensive sodium leak detection capabi l i ty  I s  provided t o  assure tha t  any 
f a i l u r e  o f  the primary boundary i s  detected promptly so that  corrective act ion 
can be taken. 
The primary system components o f  each o f  the three independent heat transfer 
systems i s  i ns ta l l ed  i n  an isolable massive reinforced concrete, steel lined, 
inerted ce l l .  
A sensit ive and redundant system detects the i n i t i a t i o n  o f  small leaks i n  the 
steam generator modules. 
A steam generator protection system handles reaction products i n  the event o f  
a large leak. 
Guard vessels and elevated piping assure core coverage and cont inui ty o f  core 
cooling even i n  the event o f  primary coolant system leaks. 
Steel l i ned  vaul t  construction and cooling provisions are s imi lar  t o  FFTF. 
A natural c i rcu la t ion capabi l i ty  i n  the heat transport systems enhances 
removal o f  decay heat. 

Supporting Development Ac t i v i t i es  

The second level  o f  design i s  supported by a broadly based test ing program i n  
support o f  design f o r  normal plant operation, supplemented by developmental data 
gained f o r  FFTF and other reactor experience. 

Typical of the development programs i s  that  required t o  establ ish the adequacy o f  
the design o f  the secondary control rod system f o r  the CRBRP, needed because t h i s  
represents a design that  has been del iberately selected as being diverse from the 
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primary control  system. The secondary control  rod system development program 
includes tes ts  o f  the fol lowing: 

. Control rod  release l a t c h  mechan 

. Control rod decelerat ion device. 

. Control rod  pos i t i on  indicator.  

. Latch seal t o  the control  assemb 

. Control assembly (flow tests). 

. Prototype uni ts.  

A large-scale re1 i a b i l  i t y  program has 
The plan provides fo r :  

sm . 

Y. 

been drawn up, and w i l l  be vigorously pursued. 

. 

. 
Procedural re1  i a b i  1 i t y  requirements placed on p lan t  components and systems. 
Fa i l u re  modes and e f fec ts  analyses o f  a l l  safety re la ted  p lan t  systems and 
components. 
Fau l t  t r e e  analysis t o  establ ish the c r i t i c a l  combinations o f  f a i l u res .  
Quant i tat ive r e l i a b i l i t y  analyses, based on the f a u l t  trees and other methods. 
An extensive program o f  r e l i a b i l i t y  t es t i ng  t o  establ ish a comprehensive 
bank o f  re1 i a b i l  i t y  data. 
Proof t es t i ng  o f  components and systems prototypic o f  the design. 

. 

. 

. 

. 
THIRD LEVEL OF DESIGN 

A t  the t h i r d  l eve l  o f  design, emphasis i s  placed on provision o f  protect ion against 
fau l ts  o f  extremely low p robab i l i t y  (designated as Extremely Un l ike ly  Faults). No 
events i n  t h i s  category a re  expected t o  occur during the p lan t  l i f e t ime .  Neverthe- 
less. provision has been made t o  assure publ ic protect ion against even these events. 

Typical o f  the features included t o  provide protect ion a t  t h i s  leve l  are: 

. A low leakage containment bu i ld ing  having a 10 p s i  in te rna l  pressure capab i l i t y ,  
a1 though the maximum calculated pressure from any analyzed accident i s  
subs tan t ia l l y  less  than 10 psi. 
A containment i s o l a t i o n  func t ion  within the p lan t  protect ion system, t o  assure 
rap id  i s o l a t i o n  o f  the containment bu i ld ing  i n  the event o f  a radiological  
release. 

A l l  systems. components and structures required f o r  safe shutdown designed t o  
withstand o r  be protected from the e f fec ts  o f  Extremly Un l ike ly  Environmental 

. 

. An a u x i l i a r y  decay heat removal system. 

. 
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Conditions, such as  severe earthquakes, maximum flood level, severe forest 
fires, and tornadoes. 

In addition t o  the safety features provided in the above levels, increased margins 
are included i n  the design t o  provide additional protection against unforeseen 
events. Specific examples of safety features associated w i t h  these margins are: 

. 

. 
Impulse energy absorption features i n  the reactor head. 
Primary system features (including supports) designed t o  accomnodate above 
normal dynamic loadings. 
Reactor core internals designed t o  enhance post accident cooling capability 
and reduce the potential for secondary criticality. 

. 

Finally, i n  addi t ion to all the above, a parallel design effort is being conducted 
which w i l l  incorporate core disruptive events within the design basis. These 
events are believed t o  be so low in probability t h a t  i t  is inappropriate t o  include 
them w i t h i n  the design b a s i s  spectrum. 
demonstrate this low probability Is s t i l l  being developed. 
features being considered for providing additional protection against these events 
are a device which would retain and cool the debris resulting from the accident 
and a sealed, inerted compartment above the reactor. 

However, some of the data  t o  conclusively 
Examples o f  specific 
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111 8.4 ADDITIONAL INFORMATION ON LMFBR RISK ASSESSMENTS METHODS DEVELOPMENT 

The following data  represents ERDA staff responses to  questions posed by the 
Internal Review Board a t  the May 27-28 Public Hearing on the PFES and were 
included as part of the record of that hearing. 

1. What is the nature of the R&D effort? 

Efforts are underway i n  RRD t o  explore the application o f  logical methods i n  
risk assessment of LMFBRs. 
logic t o  the subjective area of safety decision making can be useful and 
intend t o  exploit these techniques t o  the extent they can be solidly justified. 
Our approach i s  cautiously optimistic w i t h  regard t o  the expected benefits t o  
be gained from these approaches. A t  this time, the work i s  investigatory and 
exploratory in nature, since we are not yet satisfied t h a t  the benefits will 
be proportional t o  the necessary cost of the program. Our objective i s  to  
have i n  hand by the mid 1980's a credible, accepted method of quantitative 
risk assessment f o r  LMFBRs and a sound evaluation o f  the level of confidence 
which can be placed on such assessments. 

We believe that the application of systems of 

There are uncertainties i n  risk analysis which can be large. This  program 
must determine the magnitude of the uncertainties t o  a i d  RRD i n  future safety 
decision making. Sources of uncertainty include the limited amount of oper- 
a t i n g  da ta  on LMFBR components, lack of any data  from commercial plants, and 
lack of sufficient detailed knowledge on in-core phenomena. 

The major portion of the current base program referred to  here is carried o u t  
by General Electric w i t h  a smaller involvement i n  the area of basic methodology 
improvement by LASL and ANC. 

reactor vendors. The overall approach i n  the base program is t o  identify 
special needs and special problems which impede the conduct of risk assessments 
for LMFBRs, develop special risk assessment methodologies, where necessary, 
test these methodologies on early LMFBRs (FFTF and CRBR) and prepare and 
publish such developed and tested procedures for general use. Anticipated 
outputs of such a long term effort will be relative ranking of various 
components and systems w i t h  respect t o  contribution to overall plant risk, 
identification of da ta  needs, establishment of priorities for  RAD needs, and 
LMFBR risk assessment procedures. 

Additional related studies are undertaken by 
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2. What i s  the t i m i n g  of such R&D? What i s  the likely impact on design? 

This program i s  scheduled to produce quantitative risk assessment methods 
available for use i n  1985. 
objective, there will be outputs available as described above. 
of specific outputs, there will be a definition of R&D needs as defined by 
analysis of three FFTF events, an assessment of R&D needs as defined for an 
early LMFBR, and a comparison of the relative risk reduction potential for 
various combinations of early LMFBR systems and design variations of such 
sys tems . 

Prior t o  the accomplishment of this program 
As an example 

LMFBR probabilistic risk assessment i s  expected t o  verify and quantify our 
belief i n  the safety of L K B R s ;  it could provide a basis for less redundancy 
i n  design i n  some areas and ft should indicate needed adjustments i n  emphasis 
i n  the R&D areas. 

3. What i s  the interim solution pending completion? 

A t  the present time, the approach to LMFBR safety i s  t h a t  which has been used 
for LWRs. The safety of LWRs was achieved th rough  use of safety R&D results 
sponsored by both government and industry, the Regulatory review process, and 
the employment of conservative engineering practice. The LMFBR wfll be made 
safe by the same processes. 
If the methads now being explored indeed prove t o  be as  useful as we hope, we 
would anticipate an increasing degree of acceptance, which however will be 
gradual and evolutionary. 

T h i s  i s  our primary approach a t  the present time. 

In sumnary, the present safety approach i s  t o  take advantage of the inherent 
safety features of the LMFBR, t o  uti l ize conservative design practices and to  
use probabilistic risk assessments whenever these appear t o  be advantageous. 

Q 
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SECTION I11 C 

SAFEGUARDS PROGRAM INFORMATION 



_. . 

INTRODUCTION 

The mater ia l  provided i n  Section 111 C i s  i n  response t o  the request i n  the 
"Report t o  the Administrator on the Proposed F ina l  Environmental Statement f o r  the 
L iqu id  Metal Fast Breeder Reactor Program by the In te rna l  Review Board (June 20, 
1975)," (see Section I V  6)  which was adopted by the Administrator (see Section 
I V  A), t h a t  "the f i na l  statement should describe the minimization concepts l i s t e d  
i n  the PFES and assess the extent t o  which each o f  these can reduce the safeguards 
r i s k "  and t h a t  the f i na l  statement "should discuss the sequence o f  steps, the timing, 
the problem de f in i t i on  and the methodology o f  the various ongoing studies and pro- 
grams which are relevant t o  the environmental and economic acceptab i l i t y  o f  an 
LMFBR industry." 

The adequacy of current regulatory safeguards standards i s  reviewed i n  Section 7.4.7 
o f  the PFES. Licensing a c t i v i t i e s ,  physical protect ion and material control  and 
accountabi l i ty  f a r  f i xed  f a c i l i t i e s ,  transportat ion safeguards, and inspection, 
enforcement, and response are each addressed i n  s ign i f i can t  de ta i l .  Past reviews 
and c r i t i c i sms  of safeguards adequacy are presented and responded t o  i n  d e t a i l  i n  
PFES Volume I V ,  Appendix I V  A. 
malevolent acts involv ing special nuclear materials and f a c i l i t i e s  handling these 
materials does no t  i n  i t s e l f  unequivocally demonstrate the effectiveness o f  a 
safeguards system (i.e., such absence could be the r e s u l t  o f  the lack o f  cr iminal  
motivation ra ther  than the deterrence thereof). 
acts have no t  occurred, even i n  the very substantial plutonium operations conducted 
by the government fo r  the past 30 years, i s  corroboratory evidence o f  the 
effectiveness o f  the system. 

It i s  recognized tha t  the absence heretofore o f  

However, the f a c t  t ha t  malevolent 

Despite past and current effectiveness, i t  i s  recognized tha t  changes w i l l  be 
required i n  safeguards i n  the future. This requirement f o r  change w i l l  a r i se  out 
o f  changes i n  the nature o f  the threat, the expected increase i n  the commercial 
u t i l i z a t i o n  o f  s t ra teg ic  special nuclear material, and the widespread placement 
o f  safeguarded f a c i l i t i e s  which w i l l  i nev i tab l y  involve varied geographical 
environments. 
PFES, do no t  involve o r  require invention o r  research breakthroughs. 
only the l og i ca l  extrapolation, refinement and app l ica t ion  o f  methods already i n  
use o r  p a r t i a l l y  developed. To gain an optimum future safeguards posture, the 
appropriate appl icat ion o f  time, money and people i s  required but no research 
i n t o  unknown areas i s  involved. 

Safeguards changes, which have been thoroughly discussed i n  the 
They require 
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The societal e f fec t  of the future safeguards measures implemented as the result o f  
the R&D program is not l ikely t o  be d is rupt ive .  
expected t o  have significant effects  on the overall LMFBR cost-benefit balance. 
These points are  covered i n  Sections 5 and 7.4.9 o f  the PFES. 

The financial costs are not 

In summary, i t  is  anticipated tha t  the R&D program will generate safeguards adapta- 
tions a t  a pace consistent w i t h  the developing LMFBR requirements. 
firm i n  i t s  previously stated conclusion t h a t  there is  no safeguards-related reason 
t o  delay the further development of the LMFBR. 

The s taff  is 

Additional information on safeguards research and development, and related matters, 
may be found i n  Volume 3 of the Public Hearing Record for  the Publ ic  Hearing held 
May 27-28, 1975 on the PFES, on pages 253-387, 519-540, and 575-584. Copies of the 
Public Hearing Record a re  available for  inspection a t  the ERDA Publ ic  Document Room 
a t  1717 H, Street N.W., Washington, D.C. a s  well as  a t  ERDA's  Albuquerque Operations 
Office, Kirtland Air Force Base East, Albuquerque, New Mexico; Chicago Operations 
Office, 9500 South Cass Avenue, Argonne, I l l ino is ;  Idaho Operations Office, 550 

Second Street, Idaho Falls,  Idaho; Oak Ridge Oprations Office, Federal Building, 
Oak Ridge, Tennessee; Richland Operations Office, Federal Building, Richland, 
Washington; Nevada Operations Office, Las Vegas, Nevada; San Francisco Operations 
Office, 1333 Broadway, Oakland, California; and Savannah River Operations Office, 
Savannah River Plant, Aiken, South Carolina. 
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7.4.8.1.2s MINIMIZATION ACTIVITIES 

Section 7.4.8.1.2 o f  the PFES l i s t s  a number o f  general areas where measures might 
be taken to reduce the consequences o f  a successful adversary action. Successful 

adversary act ion means: aldversary has stolen material w i th  i n t e n t  t o  make a nuclear 
explosive o r  to disperse nadioactivi ty; o r  adversary has car r ied  out an ac t  o f  
sabotage w i th  the i n t e n t  to disperse rad ioac t iv i t y .  An approach t o  measuring the 
r i s k  reduction resu l t i ng  from implementation o f  safeguards measures including the 
consequence reduction mechanisms discussed below i s  described i n  Section 7.4.8.1.3S(b). 
The approach i s  comprised o f  e f f o r t s  addressed toward estimation o f  (a) frequency o f  
attempt ( th rea t  def in i t ion),  and (b) condit ional p robab i l i t y  o f  adversary act ion 
sequence completion ( in te r rup t ive  capab i l i t y )  ; and calculat ion o f  consequences. 

A discussion o f  the consequence reduction measures under consideration i s  contained 
i n  the fo l lowing paragraphs: 

1. F a c i l i t y  Sit ing, Design and Operating C r i t e r i a  

(a) F a c i l i t y  S i t i n g  
Present regulatialns specify tha t  nuclear f a c i l i t i e s  are to  be located t o  
reduce to a low level  the consequences o f  accidental release o f  radio- 
ac t i ve  materials. Studies are underway t o  determine i f  these c r i t e r i a  
are also adequate i n  case o f  sabotage. 

(b) F a c i l i t y  Design 
Nuclear f a c i l i t i e s  are designed t o  contain radioactive materials i n  
case o f  accident and t o  withstand hurricanes and tornados. These design 
features w i l l  be reviewed t o  determine whether addi t ional  design c r i t e r i a  
might be cost e f fec t i ve  f o r  reducing the consequences o f  acts of sabotage. 
I n  addi t ion to containment, instruments and processes should be designed 
to prevent accidental release o f  rad ioac t i v i t y  and the p o s s i b i l i t y  o f  
c r i t i c a l i t y  accidents. These and possible addi t ional  measures o f  a 
s im i la r  nature may subs tan t ia l l y  reduce the consequences of sabotage 
attempts. 

(c) F a c i l i t y  Operations 
As i n  the above cases, operating safety c r i t e r i a  also serve ‘safeguards 

objectives. For example, minimizing the amount of plutonium contained 
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n 
i n  process equipment reduces suscept ib i l i ty  t o  sabotage and l i m i t s  the 
amount accessible f o r  t h e f t  i n  a short t ime.  

2. Transport Design and Operating Cr i t e r i a  

A nunber of regulations have been implemented f o r  protection o f  nuclear 
materials i n  t rans i t  and additional measures are being studied. Such measures 

as a m u r e d  vehicles and massive shipping containers w i l l  reduce the conse- 
quences o f  sabotage attempts. Routing to avoid highly populated areas would 
reduce the potential i n ju ry  resul t ing f r o m  a possible successful sabotage 
attempt . 

3, Material Form Cr i t e r i a  

Both ERDA and NRC are conducting studies re la t ing t o  the nature and form o f  
plutonium bearing materials which w i l l  be employed i n  the plutonium recycle and 
breeder fuel cycles. Several o f  these studies concern the costs o f  a l ternat ive 
forms which might reduce the consequences i f  attempts were made to fabricate 
nuclear explosives o r  t o  cause radiological incidents. Two o f  these are: 

(a) Addition o f  radiat ion emitt ing isotopes to impede fabr icat ion o f  an 
explosive o r  to reduce the power o f  the explosion. 

(b) Requiring that  plutonium be shipped i n  chemical and physical forms wh.:h 
would be less toxic, i f  dispersed. For example, i f  Pu O2 i s  dispersed i n  
the a i r  a substantial f ract ion o f  the pander inhaled would be retained i n  
the lungs and might cause cancer i f  the crystal  s ize i s  small. However, 
i f  the crystal  diameter i s  10 micrometers o r  larger, very l i t t l e  o f  the 
inhaled oxide would m a i n  i n  the lungs. 

4. Automatic Al terat ion o f  Materials OF Fac i l i t i es  

Measures o f  t h i s  nature are being studied both t o  protect materials from t h e f t  
o r  sabotage and to reduce the consequences should such acts be accomplished. 
A system could be designed t o  d i l u t e  high enriched uranium wi th  depleted 
uranium wi th in  a f a c i l i t y  o r  a container i n  t r a n s i t  when an emergency occurs. 
Plutonium could ( less ef fect ive ly)  be d i lu ted wi th  the spontaneous neutron 
emit t ing isotopes o f  plutonium. Wdthin a f a c i l i t y ,  i t  may be possible to 
rapidly mwe material fmm a process l i n e  to a containmnt that  i s  highly 

resistant to c r i t i c a l i t y  assembly o r  t o  dispersal. It i s  anticipated that 
more ideas w f l l  be forthcoming as these studies are pursued. 
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5. Evacuation and Decontamination Planning 

Several years ago, the AEC set u p  radiological assistance teams and developed 
procedures for a coordinated response w i t h  other federal, state and local 
agencies t o  deal w i t h  significant nuclear accidents. The AEC has had 
experience w i t h  nuclear accidents and has, so fa r ,  been successful in 
preventing exposure of the public. 
government agencies i n  plans t o  evacuate and to  decontaminate areas t h a t  
might  be threatened by major nuclear accidents or by deliberate anti-social 
use o f  nuclear materials. Extensive plans t o  protect the public i n  case of 
serious nuclear or other emergencies are set f o r t h  in Federal Statutes and 
executive orders. Two key agencies are the Office of Preparedness under 
the General Service Administration, and the Federal Disaster Assistance 
Administration i n  the Delpartment of Housing and Urban Development. They 
are responsible for  coordinating the ERDA radiological emergency response 
capabilities and the resources of other government agencies to  cope w i t h  
evacuation, medical a tteii t ion, decontamination, re1 oca t i o n ,  and other 
measures as might  be required. 

Presently ERDA is  cooperating w i t h  other 
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I11 c.2 

7.4.8.1.3s ERDA FUTURE SAFEGUARDS PROGRAM 

Section 7.4.8.1.3 o f  the PFES describes the future safeguards program i n  ternts o f  a 
nunber o f  general interrelated a c t i v i t i e s  performed by the research and development 
and regulatory arms o f  the AEC (now ERDA and NRC). Recent planning a c t i v i t i e s  have 
resulted i n  an improved and more speci f ic  description o f  the ERDA safeguards 
program, which follows. 
act!vities i s  also provided. 

For completeness. general information on NRC safeguards 

1. Introduction 

The ERDA safeguards program includes the development o f  capabi l i ty  to make 
improved threat predictions and system effectiveness evaluations, and the 
design and demonstration o f  balanced, f l ex ib le  safeguards systems f o r  
application to  future fuel cycles. The material which follows shows that  
the program w i l l  permit an ERDA management decision i n  the ear ly 1980's on 
the safeguards-related acceptabi l i ty o f  the LMFBR f o r  future wide comnercial 
use, should such a decision be considered appropriate a t  that  time. 

Before describing the safeguards program f o r  the LMFBR fuel cycle, i t  should 
be stated tha t  the ERDA safeguards program relates to a l l  nuclear fuel cycles. 
I n  general, the pol lc ies and techniques developed to protect nuclear material 
i n  one f a c i l i t y  o r  shipment are applicable to protection o f  the same kind of 
nuclear materials i n  other f a c i l i t i e s  o r  shipments. Physical protection 
systems, whether f o r  a l i g h t  water reactor o r  an LMFBR fuel  fabr icat ion 
f a c i l i t y .  employ the same elements and are based on the same pr inciples o f  
defense-in-depth, although the par t icu lar  mix o f  elements w i l l  depend on the 
speci f ic  f a c i l i t y .  There i s  l i t t l e ,  i f  any, difference between the type and 
number o f  measurements needed to account f o r  the plutonium i n  a f a c i l i t y  f o r  
fabr icat ing mixed-oxide fuel f o r  plutonium recycle and those f o r  an LMFBR 
fuel  fabr icat ion f a c i l i t y .  Most o f  the safeguards measures mentioned i n  the 
PFES and i n  t h i s  supplement w i l l  be studied f o r  appl icat ion to exist ing 
nuclear f a c i l i t i e s  and t o  other new fuel cycles as well  as the LMFBR. The 
experience which has been gained i n  the past and which w i l l  be gained f r o m  
near-term new f a c i l i t i e s  w i l l  serve to prove the safeguards measures which 
would l a t e r  be avai lable f o r  appl icat ion to  the comnercial LMFBR. 

2. Supplemental Information on the Future Safeguards Program 

The fol lowing sections re la te  t o  the subtopics as presented i n  PFES 
Section 7.4.8.1.3, pages 7.4-61 through -64. 

n 
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(a) Improvement o f  Threat Def in i t ion 
A safeguards system i s  designed to successfully counter a set o f  defined 
threats. There i s  no actual experience o f  constnmnated threats against 
nuclear f a c i l i t i e s  or involving nuclear materials. Consequently, threat 
analysis must be balsed on an understanding o f  the properties of nuclear 
materials which an adversary might seek t o  exploit ,  and inferences as t o  
the motivation and characterist ics o f  possible adversaries drawn f r o m  
adversary act iv i t ie ls i n  other f ie lds.  

Studies currently underway a t  national laboratories and contractors 
involve ident i fy ing the motivations, resources, and other at t r ibutes o f  
potential adversaries; ident i fy ing and ranking the ranges of credible 
threats; and considering the reasons why an adversary might choose a 
nuclear target. These and related studies are designed to provide 
information regarding the range o f  threats which might be encountered, 
and t o  provide an upper l i m i t  estimate o f  the l ikel ihood that a given 
attempt might occur. This information defines the th rea ts  which present 
o r  future safeguards systems should be designed to counter. 

Because threat defi ini t ion i s  a continuing process which must take account 
o f  changing societal si tuations and advances i n  technology, i t  i s  not 
useful to attempt to ident i fy a point  i n  time a t  which threat de f in i t ion  
f o r  LMFBR can be terminated. However, work to be completed within the 
next several years should permit credible scoping o f  potential threats 
against a future LMFBR industry. As shown i n  Table I11 C-1, completion 
o f  the currently assigned tasks i s  scheduled f o r  1977, and a preliminary 
design basis threat de f in i t ion  f o r  LMFBR i s  to be completed i n  1978. The 
LMFBR safeguards system design act iv i ty ,  described i n  (d) below, will  
take in to  account the range o f  threats as determined a t  that  time and the 
remaining uncertainties i n  threat prediction. 

(b) Improvement o f  Safeguards System Design and Evaluation Capability 
Safeguards system design i s  an i t e r a t i v e  process: assessment o f  threats, 
assessment of the calpabil i t y  of exist ing safeguards to ef fect ive ly  counter 
the threats, and improvement o f  the system to remedy exist ing or  ant ic i -  
pated weaknesses. A formal, ’analytical f r k o r k  has been developed f o r  
th is  process and i s  reported i n  “Societal Risk Approach to Safeguards 
Design and Evaluation,“ ERDA-7, June 1975. The process consists o f  
ident i f icat ion and ranking of events o f  concern (e.g., nuclear explosions 
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Table I11 C-1 

ERDA SAFEGUARDS PROGRAM FOR LMFBR - ACTIVITIES AND MILESTONES 

(a) Threat De f in i t i on  

. complete current studies . s t a r t  design basis d e f i n i t i o n  
, complete design basis d e f i n i t i o n  
, continuing review 

(b) System Design and Evaluation Capabi l i ty  

, ERDA-7 published 
s t a r t  appl icat ion o f  effect iveness evaluation techniques 

t o  ERDA f a c i l i t i e s  . s t a r t  system design modif icat ions . complete appl icat ion o f  effect iveness evaluation 
techniques t o  ERDA f a c i l i t i e s  . complete system design modif icat ions . continuing refinement 

CY 

77 
77 
78 

i n t o  80s 

- 

June 75 

F a l l  75 
Winter 75 

78 
78 

i n t o  80s 

(c) In te r rup t ion  and Consequence Reduction Capabi l i ty  (Generic System Demonstrations) 

. Computerized Pu accountabi l i ty  system a t  Los Alamos 
78 . Physical protect ion a t  Sandia Test Reactor 78 . Pu storage protect ion system a t  A t l an t i c  R ich f ie ld  
79 . continuing a c t i v i t i e s  i n t o  80s 

f ac i 1 i ty 

f ac i  1 i ty 

(d)  LMFBR System Evaluation 

, Synthesis and comprehensive evaluation o f  f u tu re  
LMFBR safeguards systems 78-82* 

(ERDA management decision on safeguards-related acceptabil 1 ty  o f  LMFBR f o r  
f u tu re  wide comnercial use possible i n  ear ly  80s) 

. S t a r t  long-term demonstrations 

HPFL 
CRBR 
Hot Processing P lan t  (HPP) 

82 
83 

1 ate 80s 

*Based upon a v a i l a b i l i t y  o f  LMFBR f a c i l i t y  design information per  the fol lowing 
schedule : . Clinch River Breeder Reactor (CRBR) 

, High Performance Fuels Laboratory (HPFL) 

complete i n  76 
78-81 

complete i n  78 
77-79 

. Prototype Large Breeder Reactor (PLBR) 

. Hot Processing Plant (HPP) design study 
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or radioactivity dlspersals) i n  terms of their  potential consequences; 
identification of possible adversary action sequences which could lead 
t o  such events; and evaluation of the effectiveness of an existinq or 
postulated safeguards system to  provide protection. 

The methodology for  estimating the consequences of events of concern is 
already well i n  hand, primarily a s  the result  of extensive ERDA (formerly 
AEC) experience i n  nuclear safety design and accident and weapons effects 
evaluation. Thus, work i n  this area consists of application of existing 
analytical techniques. 

W i t h  respect t o  methodology fo r  evaluating safeguards system effectiveness, 
i t  i s  considered that significant improvements will be required. T h u s ,  h i g h  
priority is being given t o  improving the analytical capability t o  assess the 
effectiveness of integrated safeguards systems and their subsystems against 
adversary actions. Several analytical methods have been developed for this  
purpose. These include: diversion path analysis, developed under contract 
w i t h  the National Bureau of Standards; "black hat" techniques, developed by 
Sandia Laboratory t o  evaluate protection systems for  weapons materials; and 
computer-aided systems to  evaluate f a c i l i t y  protection plans, developed a t  
t h e  Sandia and Brookhaven Laboratories. These effor ts  are no t  dependent on 
Threat Definition rlesul ts ,  b u t  rather involve the development of methods 
which can be used to  predict the effectiveness of any postulated safeguards 
system for  any range of postulated threats. 

The analytical methods mentioned above are now being applied to determine 
the strengths and weaknesses of existing safeguards systems a t  ERDA 
f a c i l i t i e s  and t o  assess proposed modifications and addftions. 
process o f  appl icat-ion, the analytical methods themselves are being 
refined and improved. 

In the 

As indicated i n  Table I11 C-1, the.improvements i n  system design and 
evaluation capability will have been achieved by about 1978. 

(c) Improvement of Capabil i t y  for  Adversary Action Interruption and Consequence 
Reduction 
The PFES (pages 7.4-61, -63) briefly describes eleven measures for possible 
implementation i n  addition t o  the many measures presently employed to safe- 
guard nuclear materials and f a c i l i t i e s .  These and other suggested safeguards 
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measures are under study by NRC and ERDA a t  t h i s  time; the results o f  these 
studies w i l l  be avai lable i n  the near future. ERDA i s  i n  the process of 
implementing item (c) i n  the PFES l i s t :  the use o f  specialized vehicles 
f o r  transport of a l l  ERDA-owned plutonium and high-enriched uranium. By 
the f a l l  o f  1976, ERDA w i l l  implement i t s  nationwide system, which employs 
specialized vehicles, radio communications, and armed escort vehicles. 
This technology w i l l  be avai lable f o r  appl icat ion to the comnercial sector. 

Some o f  the other ERDA development and demonstration programs which can be 
applied to  conerc ia l  nuclear fuel  cycles deserve mention: 

. Portal monitors have been developed and are now comnercially avai l -  
able which can detect a gram or  less o f  plutonium on a person passing 
through. A tamper resistant portal  monitor has been demonstrated. 
More sensit ive and foolproof personnel and package monitors are 
under development. Sensitive portable instruments have been 
developed t o  search for nuclear materials i n  vehicles and other 
hiding places. 

. A variety o f  non-destructive instruments have been ins ta l l ed  and 
successfully tested i n  the ex is t ing plutonium processing f a c i l i t y  a t  
Los Alamos. Data f r o m  the instruments are fed to a mini-computer. 
This i s  the f i r s t  step i n  design o f  an integrated system f o r  keeping 
close account o f  the m t e r i a l  i n  a plutonium processing l i n e  on an 
essent ia l ly  continuous basis. When the new Los Alamos plutonium 
processing f a c i l i t y  i s  completed i n  1978, i t  w i l l  contain an 
automatic computerized measurement system designed to detect 
imnediately even a small diversion f r o m  the process l ines. 

. The performance o f  physical protection components such as barr iers 
and alarms, electronic surveillance, and automatic protective 
mechanisms i s  being evaluated a t  the Sandia Laboratory. Demonstra- 
t ions w i l l  be conducted a t  Sandia's Test Reactor s tar t ing i n  1978. 

. Systems are being developed f o r  highly automated operation of 
plutonium storage vaults f o r  increased secur i ty and t o  f a c i l i t a t e  
the taking o f  inventories. These w i l l  be demonstrated a t  the 
At lant ic  Richf ie ld Plutonium Storage F a c i l i t y  i n  Hanford, 
Washington s ta r t i ng  i n  1979. 
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The studies, applications and demonstrations mentioned above, together 
wi th other safeguards measures i n  place o r  under evaluation a t  ERDA 
f a c i l i t i e s ,  w i l l  provide an increasingly extensive and variegated 
inventory o f  technology which can be drawn upon to design safeguards 
systems f o r  application to a future LMFBR commercial industry. 

(d) Systems Evaluation and Recommendations f o r  Improvements 
The e f fo r ts  described i n  the preceding paragraphs w i l l  provide the 
methodology and technology necessary f o r  synthesis o f  feasible safeguards 
systems for application to the future LMFBR industry, and f o r  r e a l i s t i c  
evaluation o f  the effectiveness o f  these systems against a range of 
predicted future ,threats. This work w i l l  re f lec t  the threat def in i t ion 
a c t i v i t y  described i n  (a), the evaluation techniques described i n  (b), 
and the safeguards measures i n  use and under development discussed i n  
(c). The formal synthesis and evaluation process i s  expected to commence 
i n  1978 o r  1979; the campletion date would be no sooner than 1980, and 
probably no l a t e r  than 1982. To meet th is  schedule, i t  w i l l  be necessary 
that  the research,, development and demonstration program f o r  the LMFBR 
and i t s  fuel  cycle! proceed such that technical in fomat ion on f a c i l i t y  
design and relatedl matters becomes available on a timely basis. 
(Table I11 C-1 shows the present reference schedules f o r  design o f  key 
LMFBR faci l i t ies.)  It i s  during the 1980-1982 time period, then, that  
def in i t ive safeguards-related in fomat ion relevant to an ERDA decision 
on acceptabi l i ty of future wide comercia1 use o f  the LMFBR would be 
provided. 

The various safeguards systenrs which w i l l  be synthesized during th is  
period w i l l  includle many subsystems which have already been used a t  ERDA 

and/or licensed f a c i l i t i e s .  Other subsystems may not yet  have been used 
i n  a comnercial o r  near-comaercial environment. The process o f  demon- 
s t ra t ion i n  LMFBR *Faci l i t ies (p r io r  t o  actual wide cannercia1 use o f  
the LMFBR) can be expected to be carr ied out over a period o f  10 years 
o r  longer, and, sholild not& viewed as a prerequisite to an ERDA 
decision on MFBR comnercfalization, but,rather as a means to provide 
continuing assurance that  nothing has been overlooked. Examples are: 
demonstration o f  ' I  * a'safeguards system f o r  LMFBR fuel  fabr icat ion a t  the 
High Performance Fuels Laboratory (HPFL) p i l o t  plant; demonstration o f  
a system for protection o f  breeder reactors a t  the Clinch River Breeder 
Reactor; demonstration of a system f o r  reprocessing plant protection a t  

1 . .  

r . 1  I .  
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the proposed Hot Processing Plant (HPP) p i l o t  facility. The f i r s t  of 
these i s  described below i n  some detail. 

The High Performance Fuels Laboratory (HPFL) will be constructed a t  
Hanford, Washington. I t  is  t o  be a p i l o t  scale fuels facility w i t h  
supporting laboratories t o  develop and demonstrate LMFBR fuel fabrica- 
t i o n  processes, equipment, and related technology. The HPFL will 
provide the technical base fo r  development of the necessary commercial 
manufacturing capability for LMFBR fuels. Safeguards demonstration 
will be preceded by analysis of vulnerability t o  overt and covert 
access t o  SNM, as well as sabotage; design of countermeasures to  
suitably strengthen desired areas; and design of the physical security 
system. 
techniques for materials control and accountabi 1 i t y  and protection of 
plutonium inventory, involving extensive use of on-line non-destructive 
assay methods, on-line inventory, and highly automated and protected 
process operations to minimize access to SNM. 
and vaults will be designed t o  resist diversion and will incorporate 
alarms, warning systems, and tamper-safing features. A systematic 
design of the total system, interfacing with the requirements of a 
highly automated, h igh  through-put process line operation, will achieve 
maximum protection for a given investment. Development of design 
principles and criteria for this system is underway. Construction of 
the HPFL i s  scheduled t o  start i n  1978 and the pilot line i s  scheduled 
t o  begin operation i n  1982 a t  which time the safeguards system will 
be operating as an integral par t  of the facility and will be available 
for evaluation. 

Safeguards design will also involve application of advanced 

The process operations 

The CRBR will be subject t o  NRC license requirements and inspection. 
safeguards for this facility should set a h i g h  standard t o  help assure 
tht LMFBR comnercial power plant safeguards will be highly effective. 

The 

The schedule and the s i te  for the HPP have not yet &en determined; i t  is  
postulated that this facility would comnence operation In  the late 1980s. 
Earlier demonstrations m i g h t  be conducted a t  ERDA reprocessfng plants 
(Idaho, Savannah River), or  1 icensed plan ts  under construction 
(Barnwell ) . 
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Safeguards Pol i c y  Decision 
As indicated above, the ERDA safeguards program i s  expected t o  provide, 
i n  the 1980-82 time period, d e f i n i t i v e  safeguards-related information 
relevant t o  an ERDA management decision on the acceptab i l i t y  o f  the 
LMFBR f o r  f u tu re  wide commercial use. As stated i n  the PFES (pages 
7.4-63, -64), recommendations f o r  f u tu re  safeguards w i l l  take i n t o  
account a cost-benefi t  analysis o f  environmental, safety, economic, 
social, operational, and other impacts as we l l  as the effect iveness of 
the proposed measures. Using t h i s  information, an ERDA management 
decision on the acceptab i l i t y  o f  the LMFBR f o r  wide comnercial use, 
from the safeguards po in t  o f  view, should be possible i n  the  ear ly  1980's 

Promulgation o f  Safeguards Requirements, Operations Including Licensing 
Review and Inspections, and Materials and Plant Protection Operations 
The Energy Reorganization Act transferred the 1 icensing and inspection 
operations f o r  privately-owned nuclear f a c i l i t i e s  from the regulatory 
arm o f  AEC t o  the Nuclear Regulatory Commission. Responsibi l i ty f o r  
promulgation o f  safeguards requirements and inspection o f  Government- 
owned nuclear f a c i l i t i e s  was transferred from the AEC t o  ERDA (except 
f o r  new demonstration power reactors and nuclear waste disposal si tes, 
which are  subject t o  NRC l icensing and inspection). 

ERDA i s  charged t o  develop and t o  demonstrate the effectiveness o f  
safeguards f o r  new fue l  cycles. NRC i s  t o  conduct confirmatory research 
and t o  determine whether the safeguards plans submitted t o  NRC by ERDA 
f o r  f a c i l i t i e s  subject t o  NRC l icensing, and plans submitted by pr iva te  
f a c i l i t i e s ,  s a t i s f y  NRC c r i t e r i a .  

While the regulatory responsi b i  1 i t i e s  o f  NRC and the developmental 
respons ib i l i t i es  of ERDA must be c lea r l y  separated, the a c t i v i t i e s  of 
the two agencies toward improved safeguards w i l l  be coordinated. The 
national safeguards system should be balanced, which i s  t o  say t h a t  
equally e f fec t i ve  safeguards should be applied t o  ERDA and licensee 
f a c i l i t i e s  and materials. Also, the experience gained i n  one sector 
should be applicable t o  the other. To the extent t ha t  safeguards 
measures applied t o  ERDA f a c i l i t i e s  also apply t o  l icensee f a c i l i t i e s  
(which i s  usua l ly  the case), ERDA has the respons ib i l i t y  not only t o  
optimize such systems but  also t o  make safeguards system design and 
operating experience avai lable to the nuclear industry and t o  NRC. 
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These considerations encompass physical protection, materials account- 
a b i l i t y  and measurement, information hand1 ing, inspection strategy, 
information processing and a l l  the other components o f  a safeguards 
sys tern. 

(9) U.S. Government Interagency Operations 
ERDA w i l l  cooperate wi th  NRC and wi th  other government agencies i n  those 
aspects o f  nuclear safeguards which transcend individual agency responsi- 
b i l i t i e s .  
f o r  deterrence, in terd ic t ion and response and recovery where nuclear 
materials are involved. 
and maintained as required to  support inter-agency emergency preparedness 
plans covering nuclear sabotage, dispersal, o r  explosion and t o  support 
any search and recovery procedures conducted by o r  wi th  other agencies. 
ERDA considers that  i t  has a responsibi l i ty  t o  insure the development 
and maintenance o f  a l l  interagency programs tha t  re la te to safeguarding 
o f  nuclear materials. 

ERDA w i l l  assist  i n  the development o f  plans and procedures 

ERDA technical capabi l i t ies w i l l  be developed 

ERDA w i l l  also continue t o  play a responsible ro le  i n  support o f  the 
International Atomic Energy Agency and take i n t o  consideration the 
imp1 ications f o r  international safeguards and IAEA inspection as i t  
i s  developed f o r  ex is t ing and new nuclear fuel  cycles. 
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SECTION I 1 1  D 

RADIOLOGICAL ASSESSMENT O F  CARBON-1 4 RELEASES 

FROM THE LMFBR FUEL CYCLE 

AND 
RADIOACTIVE WASTE MANAGEMENT 

- 
- 



INTRODUCTION 

This discussion presents supplemntary material on two d i s t i n c t  subjects re la t ing 
to Sections 4.4 and 4.6 o f  the Proposed Final Environmental Statement (PFES): 

Section I11 D.l - RADIOLOGICAL ASSESSMENT OF CARBON-14 RELEASES FROM THE LMFBR FUEL I 

I 

CYCLE, and Section 111 0.2 - RADIOACTIVE WASTE MANAGEMENT. 

Section I11 D.l deals wi th  a subject which was not f u l l y  treated i n  the PFES because 
i t s  significance as a radiollogic hazard i n  the LMFBR fuel cycle was not f u l l y  
appreciated a t  the t i m e  the IPFES was prepared. 
o f  the material covered i n  tlhis section. 

Figure I11 D-1 provides an index 

Section I11 D.2 discusses two aspects o f  radioactive waste management which require 
further amplification. Item A provides an updating o f  the s i tuat ion wi th respect 
to migration o f  radioact iv i ty from low-level bur ia l  grounds since the PFES was 
prepared. 
o f  September 1975. 
t h i s  section. 

Item B presents the preliminary Radioactive Waste Management Plan as 
Figure III 0-2 provides an index o f  the material covered i n  
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I11 D.l 

4.4s RADIOLOGICAL ASSESSMENT OF CARBON-14 RELEASES FROM THE LMFBR FUEL CYCLE 

1. INTRODUCTION 

This section provides supplementary information i n  response t o  comnents noting that 
the Proposed Final Environmental Statement (PFES) f o r  the Liquid Metal Fast Breeder 
Reactor Program does not include an analysis o f  the consequences o f  production and 
release o f  Carbon-14 during operation o f  the LMFBR* fuel cycle. 

Carbon-14 i s  a beta emitt ing radionuclide wi th a h a l f  l i f e  o f  5,730 years. 
nature, i t  i s  produced by cosmic rays i n  the upper atmosphere and then enters the 
biosphere through photosynthesis. Carbon-14 has been extensively studied f o r  many 
years since i t  provides a means to investigate the dynamics o f  the carbon cycle 
and to  date the time o f  death o f  organisms. Knowledge f r o m  t h i s  work provides a 
substantial basis for estimating the radiat ion &se to man resul t ing f r o m  Carbon-14 
i n  the environment. 

I n  

14 Carbon-14 ( C o r  C-14) was not thoroughly treated i n  the PFES because the magnitude 
o f  the radiological hazard constituted by i t s  presence i n  spent LWR and LMFBR fuels 
was not a t  that  t i m e  recognized e i ther  generally o r  by those who prepared the 
report. Carbon-14 had been recognlted ear l ie r  as a product o f  atmospheric nuclear 
tests,' as a problem i n  stimulation o f  gas release via nuclear explosions,' and as 
a concern i n  reprocessing o f  fuels containing large quanti t ies o f  as i s  
the case wi th  Rover and HTGR fuels.* 

This supplemental information provides an appraisal which i s  as accurate as the 
available information permits. The uncertainties are ident i f ied  and are expected 
to have l i t t l e  e f fec t  on the magnitude o f  the indicated msults.  

2. SUMMARY AND CONCLUSIONS 

The rate o f  production o f  Carbon-14 i n  the LMFBR fuel  cycle i s  estimated to be 
approximately 10 Ci/We-year* (see 3). The t o t a l  rate o f  release o f  C-14 from a l l  
LMFBR fuel cycle f a c i l i t i e s  i s  estimated to  be 0.1 Cf/We-year o r  less (see 4). 
According to t h i s  estimate, less than 0.003 M C i  o f  C-14 would be released as a 
resul t  o f  the projected generation o f  22,700 6We-yean of e lec t r i ca l  energy by U.S. 
LMFBR's through the year 2020 (See PFES, Table 9.1-15.) This amount o f  C-14 i s  
small compared to the global inventory o f  natural C-14 (280 mi) and the amount o f  
C-14 produced i n  atmospheric weapons tests (6 Ki). 

**See also page 6A.1-96 o f  the PFES. 
*See L i s t  o f  Abbreviations i n  Volume I o f  the PFES. 
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For a projected annual generation of 1,650 We-year by U.S. LMFBR's i n  2020 (PFES 
Table 9.1-15) the rate o f  release o f  C-14 (less than 200 Ci/yr) i s  a small f ract ion 
o f  the rate of production o f  natural C-14 (30,000 Ci/yr). 

4. RELEASE RATES 

4.1 Fuel Reprocessing F a c i l i t y  

Only tha t  14C which i s  converted t o  gaseous forn w i l l  escape from a reprocessing 
plant ( i n  any signif icant quantity) to the environment. That 
i n  the metal fuel cladding w i l l  remain f ixed i n  t h i s  material unless i t  i s  put i n t o  

I 
14 C nnich i s  generated 

9 The population dose to a constant world population o f  6 x 10 over the ent i re  l i f e -  
time o f  C-14 i n  the environment i s  approximately 260 man rem/Ci  released. The 
production o f  22,700 Me-year o f  e lect r ica l  energy by U.S. LMFBR's by the year 2020 
w i l l  produce a global population dose comnitment o f  approximately 6 x 10 5 man r e m .  

The global population dose accrued from natural background over t h i s  period i s  
approximately l o l o  man rem. 

Because the radioactive h a l f - l i f e  of C-14 i s  long compared t o  times required f o r  
dispersal over large distances, only a small f ract ion o f  the population dose from 
C-14 w i l l  accrue i n  the v i c i n i t y  of the point  o f  release. Nevertheless, individual 
and population dose rates w i l l  be highest i n  the v i c i n i t y  o f  the release point. 
For a model 1500 MT LMFBR fuel reprocessing plant releasing 3 C i  of C-14 per year, 
dose rates from C-14 to individuals and populations i n  the v i c i n i t y  o f  the release 
are estimated to be only a few percent of dose rates produced by other rad ioact iv i ty  
released by the f a c i l i t y  which are i n  turn only a few percent o f  natural background 
rates (see 6.2). 

3. GENERATION RATES 

The calculated rates of 14C production i n  the several types o f  reactors planned f o r  
use i n  the U.S. are show i n  Table I11 D-1. The general bases f o r  these calcula- 
t ions are given i n  Table I11 0-2. Additional information concerning calculat ion o f  
14C production i n  an LMFBR, including cross sections f o r  various nuclear reactions 
which produce 14C, can be found i n  the appendix - Bases for 14C Production Estimates 
i n  LMFBR Fuel. The uncertainty i n  the values given f o r  14C production i n  an LMFBR 
i s  rather low because the value used i n  the calculations f o r  nitrogen content o f  the 
fuel i s  based on analyt ical deteninat ions o f  these values i n  LMFBR fuel and because 
the cross section f o r  the pr incipal  nuclear reaction that  y ie lds 14C has an 
estimated error o f  only 5 30%. 
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~ _ _  

Plant thermal efficiency, X 40 33 33 38 

Fuel irradiation, MWd/MTU 37,000' 33,000 33,000 95,000 

Nitrogen content, fuel ,  ppm 20 20 20 b 

Nitrogen content, cladding, ppm 45 40 40 26 

Cladding/heavy metal r a t i o  0.54 0.23 0.23 11 

Oxygen rat io ,  coolant/f uel - sl .5  4 . 5  - 
- 

'Core and blanket average. 
bNitrogen content of fuel is included i n  the value used for  graphite matrix, or 
cladding. 

I11 D-6 

n 
Table I11 D-1 

CARBON-14 GENERATION RATES , Ci/GWe-yr 
-~ - -  ~ 

LMFBR PWR BWR HTGR 
- 

Fuel 5 13 15 2 

C1 addi ng 6 4 5 158 

Cool ant - 6a ,c 1 gd - 
Total 11 23 36 160b 

'This value i s  taken from a paper by C. Kunz e t  a t . ,  "C-14 Gaseous Effluent from 
Pressurized Water Reactors,'' Proceedings of the Eight  Midyear Topical Symposium 
o f  the Health Physics Society, October 21-24, 1974, CONF 741018, pp. 229-234. 

bFrom the report by L .  H. Brooks e t  a l . ,  "Carbon-14 i n  the HTGR Fuel Cycle", 
GA-A13174 , November 29, 1974. 

'Another estimate - 14 Ci/GWe-yr, U.S. Atomic Energy Commission, "Report on Releases 
o f  Radioactivity i n  Effluents and Sol id  Wastes from Nuclear Power Plants for  1972", 
Directorate of Regulatory Operations, 1973 - Yankee Rowe. 

dC. Kunz e t  a l . ,  't14C Gaseous Effluents from Boiling Water Reactors", Trans. &. 
Nucl . SOC. 21, 91, 1975. -- 

Table I11 D-2 

BASES FOR ESTIMATES OF 14C GENERATION RATES 

LMF BR PWR BWR HTGR 



63 solution. That port ion which i s  put i n t o  solutilon, o r  burned i n  the case o f  HTGR 
fuel, i s  assumed t o  be converted t o  gaseous form and mixed with the process vessel 
off-gas. I n  the absence o f  any treatment process t o  remove the carbon-containing 
campounds, a l l  the 14C i n  gaseous form would presumably be released t o  the environ- 
ment. 

The bases f o r  rates o f  14C release t o  the environment from reprocessing f a c i l i t i e s  
f o r  LMFBR, PWR, BWR, and HTGR spent fuel are shown i n  Table I11 D-3. It should be 
noted that the assumed retention levels i n  th i s  table are subject t o  confinnation 
as development programs proceed. 

4.2 Reactor Si te 

Only the l i g h t  water reactors generate a s ign i f icant  amount of 14C i n  the coolant. 
The amount o f  14C which escapes f r o m  the fuel or cladding i n t o  the reactor coolant 
i s  expected t o  be negl ig ib ly  small. The quanti ty o f  14C released t o  the environ- 
ment could be as much as 16 Ci/GWe-yr i f  no means are employed t o  capture the 
carbon-containing substances i n  the off-gas, o r  i t  might be reduced t o  1%, or  less, 
of the above value by use o f  suitable techniques. 

4.3 Uncertainties 

The form o f  14C i n  the i r rad iated fuel i s  not known a t  t h i s  time; however, no 
probable chemical o r  physical form i s  currently irecognized that would render i t s  
retention more d i f f i c u l t  than has been assumed. 

The f ract ion o f  the claddfng which dissolves i s  based on experimental data. The 
estimated fract ional  releases o f  14C are thought to  be conservative. 

4.4 Chemical Forms o f  14C Released 

The bulk o f  the released 14C i s  expected t o  be i n  the form o f  carbon dioxide, 
although an amount of i t  w i l l  l i k e l y  be present as e i the r  the monoxide or as 
short chain a1 kanes . 

5. CONTROL TECHNOLOGY 

5.1 

The process systems f o r  cont ro l l ing releases o f  14C a t  the reprocessing f a c i l i t y  
would be essent ia l ly  ident ical  f o r  LMFBR and LWR fuel, although no action i s  
currently planned f o r  14C retention a t  Nuclear Fuel Services o r  a t  the B a r n 1 1  

Nuclear Fuel Plant. 

LMFBR and LWR Reprocessing F a c i l i t i e s  
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Table 111 D-3 

REPROCESSING FACILITY 14C RELEASE RATES 

Reactor Type Release Rate Basis 
[Ci/GWe-yr] 

LMFBR 

PWR 

BWR 

0.05 %1% d l s s o l u t  18 n o f  c ladding, 99% r e t e n t i o n  of 
v o l a t i l i z e d  
c l  adding 

C found i n  f u e l  and d isso lved 

n 

13 NO r e t e n t i o n  o f  14c a t  reprocessins f a c i l i t y  - 
cur ren t  p r a c t i c e  - N e q l i g i b l e  q u a n t i t y  of 
Z i rca loy  c ladding w i l l  d isso lve 

(0.13) (99% r e t e n t i o n  o f  v o l a t i l i z e d  14C us inq 
advanced methods ) 

15 
(0.15) 

HTGR 1.6 

See PWR 

99% r e t e n t i o n  o f  a l l  14C i n  both the graphi te  
mat r ix  and i n  the  f u e l  p a r t i c l e s  
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The 14C contained i n  the ceramic fuel  and i n  tha t  port ion o f  the cladding which i s  
dissolved (corroded away) w i l l  probably be converted -in the dissolver t o  a mixture 
o f  carbon dioxide and various organic compounds. Some o f  these organic compounds 
w i l l  be volat i le,  while others may remain wi th  the l i q u i d  phase, perhaps u n t i l  
they are subjected t o  a str ingent chemical condition that  w i l l  e i ther  decompose o r  
oxidize them to  C02. The 14C w i l l  therefore be eventually converted to a gaseous 
form containing both C02 and organic compounds. These l a t t e r  materials may be 
converted to carbon dioxide by ca ta l y t i c  oxidation. The carbon dioxide thus 
formed w i l l  then be a minor constituent i n  the p lant  off-gas, par t  o f  which i s  
shown i n  Figure 4.4-10 o f  the LMFBR Program Proposed Final Environmental Statement 
as passing through a noble gas trapping system. The plant off-gas could be routed 
through the noble gas system, rather than only that  emanating f r o m  the shear-dissol- 
ver complex. 
absorption process f o r  noble gas trapping wi th  about the same effectiveness as i s  
krypton. 
reprocessing equipment appears to  be readi ly attainable. Some recent experiments 
with traces of C02 i n  the selective absorption process p i l o t  scale equipment confirm 
that  C02 i s  effect ively trapped i n  th i s  process. An even greater f ract ional  
recovery o f  14C could conceivably be achieved by the deliberate addit ion o f  "normal" 
carbon dioxide to the noble-gas trapping system feed. As the quanti ty o f  14C 
dioxide i s  qui te small, addit ion o f  re la t i ve l y  l i t t l e  "normal" C02 could increase 
the fract ional  recovery by a factor of 10. An al ternat ive means f o r  removing 
carbon dioxide f rom off-gas involves sorption on molecular sieves; equipment f o r  
t h i s  operation can be designed and fabricated using exist ing technology. 

Carbon dioxide i s  sorbed f r o m  a i r  hy the fluorocarbon selective 

Hence, a confinement factor o f  100 f o r  14C that  i s  released wi th in  the 

The recovered carbon dioxide would be reacted wi th  calcium hydroxide solution, the 
precipi tate dried, canned, and then transported t lo a suitable disposal f a c i l i t y .  

5.2 HTGR Reprocessing Fac i l i t i es  

Instead o f  being a trace constituent i n  the off-gas as i n  the LMFBR and LWR fuel  
reprocessing case, carbon dioxide w i l l  be the pr incipal  constituent o f  an HTGR 
fuel reprocessing plant off-gas stream. The problem of C02 capture (and thus 
14C control) i s  s t r i c t l y  chemical-mechanical i n  nature. There are several 
processes by which the recovery could conceivably be made; these range f r o m  
reaction wi th a caustic solut ion to so*tion i n  an amine. The f i n a l  step i n  
a l l  the processes i s  conversion of the captured GO2 to a stable sol id, such as 
Cam3. There are no readi ly avai lable data, per se, on a process f o r  t h i s  
purpose, but available C02 recovery in fomat ion indicates tha t  greater than 
99% o f  the C02 could be captured and converted to  a stable sol id. 
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5.4 Waste Management 

The C will generate a negl ig ib le  amount of heat; however, its t0xicit.y and long 
l i f e  will requi re  t h a t  t be sequestered from the environment f o r  a very long 
period. From an LMFBR, s l i g h t l y  less than half  of the  to t a l  quant i ty  of 14C will 
be captured i n  a neglig bly small volume of C02, while the remainder will be 
present i n  the residual s t a i n l e s s  steel scrap (leached cladding),  T h i s  cladding 
will contain t r ace  amounts of plutonium and f i s s ion  products, and ce r t a in  of the 
basic ingredients of the steel will be act ivated by neutron i r rad ia t ion .  
y r ,  there will be about 75 tons of  this scrap, which may have a densi ty  a s  low a s  
about 200 l b / c f ,  i f  i t  is mechanically compacted, o r  a s  high a s  t h a t  of so l id  
s t a i n l e s s  steel i f  the scrap is  melted and c a s t  i n to  ingots.  About 833 tons of 
14C-contaminated CaC03 will be produced per GWe-yr operation of an HTGR. T h i s  
material  will contain only s l i g h t l y  more than 0.2 curie of I 4 C  per ton. 

14 

Per GWe- 

6 .  RADIATION DOSES 
6.1 Global and U.S. Population Dose 

6.1.1 Dose Commitment 

Following UNSCEAR,5 t he  global population dose commitment (D) over a l l  time following 
re lease  of C-14 ( W )  may be estimated from the r a t e  of production of natural  C-14 (6) 
and the  average dose r a t e  i n  human tissue from natural  C-14 (y). For a constant world 
population (N) of 6 x 10 and a r e l ease  of 1 C i  t h i s  yields: 9 

- 260 man rem/Ci 

The U.S. population dose commitment would be approximately 1/20 of this value. 
approach provides no indicat ion of the population dose r a t e  a s  a function of time 
and assumes a constant  C-14 production r a t e  and an unperturbed carbon cycle.  

T h i s  

5.3 LWR Emissions a t  the Reactor Si te  

The l 4 C  content of LWR off-gas could be removed by first converting a l l  the hydro- 
carbons i n  t he  off-gas t o  C02 v ia  c a t a l y t i c  oxidation, and then removing the C02 

from t h e  off-gas by any of  several  po ten t ia l ly  su i t ab le  methods. I f  a noble gas 
recovery system is  incorporated i n  the LbIR f a c i l i t y ,  the C02 will be removed from 
t h e  off-gas by this system, whether of t he  fluorocarbon selective absorption type 
o r  o f  the cryogenic type. An addi t ional  step will be required i n  either of these 
two processes t o  route  the captured C02 t o  a system t o  convert  i t  t o  a s t ab le  
sol id .  

I11 D-10 



6.1.2 Dose Rate 

The time dependence o f  the population dose rate may be obtained f r o m  an approach 
outl ined by Pauling.6 It i s  assumed that  C-14 mixes rapidly wi th  2 x 10 g o f  
carbon i n  the atmosphere, land biosphere and the mixed layers o f  the ocean and that  

18 mixing with 44 x 10 g i n  the deep ocean occurs wi th  a mean l i f e  o f  30 years. The 
dose for a constant population o f  6 x 10 and a release o f  1 C i  i s  obtained as 
f o l  lows : 

18 

9 

9 x 30 yeair x 6 x 10 men = 20 man r e m / C i  1 c i  1.3 x rem/year 
m018g(c) 6 x 10"' Ci/g(C) 

46 10'8g(c) 6 x Cj/g::) 0.693 
9 * 3  rem ear x 5730 years x 6 x 10 men = 234 man rem/Ci and 1 C i  - 

According to t h i s  simple model approximately 10% o f  the population dose comnitmnt 
i s  delivered during the f i r s t  100 years followingi release and 50% o f  the remainder 
i s  delivered over the next 6,000 years. This simple approach does not account f o r  
perturbations o f  the carbon cycle. 

There i s  evidence tha t  the amount o f  t o ta l  carbon i n  the troposphere has been 
increased over the past decades by the combustion o f  f oss i l  fuels and combustion a t  
projected rates w i l l  resu l t  i n  substantial increases i n  the f ~ t u r e . ~  This e f fec t  
along wi th  consideration of the buffering action o f  ocean waters and other factors 
inf luencing the carbon cycle i s  the subject o f  continuing investigation7'* which 
w i l l  refine, but  are not l i k e l y  to greatly change, the magnitude and time dependence 
o f  the population dose indicated by these simple imdels. 

6.2 Local Population Doses 

6.2.1 Environmental Transport 

Gaseous compounds containing 14C, predominantly C02, w i l l  mix rapidly wi th the 
atmosphere i n  the v i c i n i t y  o f  the reprocessing f a c i l i t y  a f t e r  release through the 
100-meter stack. During times o f  release the concentration o f  14C will be higher 
i n  the local  environment u n t i l  di f fusion, transport, and d i l u t i o n  have reduced 
the concentration. 

Natural carbon dioxide 'mixed wi th  14C i s  incorporated i n t o  the vegetation, including 
14 any crops which man my consume. The 

transport to milk, fish, poultry, beef, and other meat products. The pr incipal  
mechanisms by which I 4 C  enters man's food chain are s imi lar  i n  a l l  environments 
( local  o r  world wide); however, individual doses will be higher close to the 
fac i l i t y .  I n  calculat ing the biotransport and tissue incorporation of 14C i n  the 

C i s  transferred through normal food chain 
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imnediate vicini ty  of the LMFBR reprocessing plant,  it was assumed that  the specific 
ac t iv i ty  o f  14C, a t  each geographical location, was a t  steady s t a t e  imnediately a f t e r  
release t o  the environment. T h i s  assumption probably results i n  overestimation of 
the radiation doses as  i t  takes considerably longer f o r  a steady s t a t e  t o  be attained 
fo r  some materials which will have an appreciable 14C i n p u t  t o  man's diet .  

6.2.2 Methodology 

The principal method used f o r  calculating the dose t o  man from a steady release of 
14C into the atmosphere a s  C02 is based on the assumption tha t  the 14C/12C r a t i o  
(specific ac t iv i ty )  i n  human tissue approaches a steady-state value which is deter- 
mined by the prevailing specific ac t iv i ty  (1) i n  the a i r  t ha t  an individual breathes 
and (2) i n  the local atmosphere a t  each point of production of his dietary i n p u t s .  
In particular,  i f  a man lives a t  a geographic point a t  which the atmospheric 
specific ac t iv i ty  of 14C i n  s table  carbon is constant and i f  a l l  of his food is  
produced where he l ives ,  t h e n  the 14C/12C r a t i o  of his body tissues w i l l  equal the 
local atmospheric value when equilibrium is achieved. The dose calculations f o r  
this analysis assume the equilibrium of man's tissues w i t h  t h e  resultant specific 
act ivi ty  of 14C i n  his total  carbon intake, i n  r e l a t ive  proportions with the contri-  
butions of the several modes of intake, v i t . ,  inhalation and ingestion of food from 
one o r  more production sites. T h i s  dosimetry is dependent upon the assumption of 
atmospheric concentrations, a t  each geographic point of concern, which fluctuate 
about a mean which is stationary w i t h  respect t o  time. 

Analysis indicates t h a t  a t  l e a s t  99 percent of the steady-state 14C dose to  an 
organ of man i s  at t r ibutable  t o  the ingestion exposure mode i f  the 14C specific 
act ivi ty  i n  dietary carbon is equal t o  tha t  i n  atmospheric carbon. T h i s  assumption 
is used throughout this  discussion. 

Dose r a t e  factors  a r e  given i n  Table 111 0-4 f o r  a number of reference organs. For 
a l l  internal organs, except the G.I. t r a c t  and body f a t ,  the dosimetric information 
provided by Snyder e t  al.' has been ut i l ized.  T h i s  reference provides tabulations 
of factors,  S, which represent the dose equivalent (rem) t o  a target organ per 
microcurie-day residence of a burden of radionuclide i n  a source organ. 
substitutes the source organ's steady-state burden i n  microcuries fo r  the 
microcurie-days residence, the corresponding factor S may be interpreted as  an 
operator fo r  computing the dose r a t e  (rem/day) t o  the target  organ from tha t  
source. The tabulation covers 60 radionuclides, including 14C, and f o r  each 
nuclide S factors fo r  22 source and 24 target  tissues are  given. 
dose calculations f o r  Table I11 D-4, the source and target organs are  identical 

If one 

In the internal 
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Table I11 D-4 

CARBON-14 DOSE RATESa 

d Dose Rate 

Total Body 

Skeleton 

Endosteal Cell s 

Red Marrow 

Bone 

Lung 

Liver 

Kidneys 

Spl een 

Thyroid 

Testes 

G.I. Tract  

Body Fat 

Skin Dose From Immersion 
In I n f i n i t e  Cloud 

1.28 E+12 

2.02 E+12 

2.22 E+12 

7.90 E+11 

5.60 E+11 

8.09 E+11 

7.24 E+11 

6.22 E+11 

5.87 E+ll 

4.97 E+11 

1.03 E+12b 

3.70 E+12' 

4.83 E+% 

Computed from IJ. S. Snyder, M. R.  Ford, G .  6 .  Warner, and S. 8. Watson, A 
Tabulation of  Dose Equivalent per Microcurie-Day f o r  Source and Target Organs 

November 1974). of  an Adult f o r  Various Radionuclides, ORNL-5000 ( 

U 

bDose i s  delivered by contents of lower la rge  intestine plus I4C content of the 
wall. The model used t o  estimate the dose due to  the contents i s  t h a t  proposed by 
G. W. Dolphin and I .  S. Eve, "Dosimetry of the  Gastrointest tnal  Tract," Health 
Phys. l2, 163-172 (1966). 

'Prorated carbon content  o f  yellow marrow to  13.5 Kg f a t  (63.3 percent). 

dComputed with the EXREM I11 computer code: D. K. Trubey and S. V. b y e ,  The EXREM 
111 Computer Code f o r  Estimating .External Radiation Doses t o  Populations Prom 

ecem r k k  - -  
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except fo r  skeletal tissues, i n  which the dose rates for  endosteal cells and red  
marrow include components of irradiation by bone and marrow. The S factors were not 
used i n  the calculation of dose rates t o  the G.I. t r a c t  and body f a t ;  the methods 
applied t o  these tissues are discussed l a t e r  i n  this section. 

The aforementioned dosimetric S factors were computed for  biological and physio- 
logical parameters which  closely approximate corresponding values for the ICRP ' s  
Reference Man." I t  seems probable that future ICRP Publications will present 
recomnendations based on the dosimetry of Reference Man rather than the Standard 
Man of Publication 2.11 
have appeared since ICRP Publication 2: 
the irradiation of presumably radiosensitive skeletal  t issues,  such as the endosteal 
ce l l s ,  by the 14C content of bone and marrow, The results of such calculations 
have been incorporated in to  the dose rate factors presented i n  Table I11 D-4. 

Other refinements i n  dosimetry that are applicable to 14C 
ICRP Publication 1112 focuses attention on 

The dose rate factor  fo r  the external dose to  the s k i n  from imnersion i n  a semi- 
infinite cloud was calculated w i t h  the EXREM 111 computer code. 13 

Let Q denote the local act ivi ty  concentration of 14C i n  the a i r  (Ci/m3). Assuming 
dilution i n  0.16 g stable carbon per cubic meter of a i r ,  the 14C act ivi ty  per gram 
of carbon is 

where  0.223 = g14 C/Cl 
approximation Q/0.16, (Ci/g C ) ,  may be used. 
th i s  discussion. 

Q/(0.16 + 0.2230) , Ci/g C ,  
Except a t  very h i g h  concentrations (0.2231)fi10-2), the 

The approximation is used thrd'uqhout 

14 C .  

I f  an organ of man i s  i n  steady-state equilibrium w i t h  t h i s  atmospheric specific 
act ivi ty ,  its burden B (pCi) of 14C is given by 

6 6 
B = 10 MC W0.16 = (6.25 x 10 ) MC (1, (pCi) 

where lo6 = pCi/Ci and MC = grams o f  carbon i n  the organ. The dose rate b, (mrk?m/ 
y r ) ,  i s  

b = (6.25 x lo6) MC Q S (3.65 x lo5),  mrem/yr 

(1) 12 = (2.28 x 10 ) MC Q S(mrem/yr) , 
5 3 where 3.65 x 10 converts from rem/day t o  mrem/yr. 

has been applied t o  the calculation of a l l  internal dose rate factors i n  Table 
111 D-4, w i t h  the exceptions previously noted. 
identical , the calculation i s  straightforward. 
r e d  marrow, and bone are the target tissues, Eq. (1) is applied to  each source 

LJith Q = 1 C i / m  this formula 

When source and target organs are 
In the cases where endosteal cel ls ,  
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tissue individual ly  and the p a r t i a l  contr ibut ions summed t o  g ive  the to t a l  dose 
ra te .  The following summarizes the source- target  re la t ionships:  

Source Organ Cortical  Cancellous Red Yellow 
Bone Bone Marrow Marrow 

Target Organ 
Bone X 
Red Marrow X 
Endosteal Cell s X 

X 
X 
X X 

Body f a t  i s  not included as a reference tissue by Snyder e t  a1.’ because of the 
d i f f i c u l t y  of mathematically defining a mass w i t h  i nde f in i t e  boundaries f o r  the 
purpose of making Monte Carlo ca lcu la t ions .  
ever, body f a t  is  defined as a reference tissue and from a dosimetric point  of view 
becomes the c r i t i c a l  organ. Reference Man‘s t o t a l  f a t  weighs 13.5 kg;  a reasonable 
approximation of  the carbon content of this tissue i s  obtained by extrapolat ion 
from yellow marrow (63.3 percent carbon) and is  8.55 kg carbon. 
burden i n  f a t  corresponding t o  an atmospheric concentration of Q C i / m  is 

In Publication 2 of the ICRP,’l how- 

The 14C a c t i v i t y  
3 

(Q/0.16 Ci /g  C)x(8.55 x lo3 g C)x(106 vCi/Ci) = (5.34 x lO’O)Q, (pCi). 

The dose r a t e  b (mrem/yr) i s  calculated as  follows: 

( 5 1 . 2 ) ~  0.05 MeV rem x (5.34 x lolo Q U C i )  
d i s  3 
1.35 x lo4 g tissue 

-5- 

D =  

12 5 m r e m /  r = 3.70 x 10 Q mrem/yr x 3.65 x 10 

where 
9 3.2 x 10 I dis/day x 1.6 x erg 

51.2 = .. \ ,Ci MeV . 
100(erg/g t i s sue / rad)  . v  

The G.I. t r a c t  presents  a special  problem, i n  t h a t  i t s  segments (stomach, small 
intestine, upper large intestine, and lower la rge  in t e s t ine )  a re  i r r ad ia t ed  not  
only by the 14C i n  their tissues b u t  .a lso by their migrating contents. Thus tu0 
components of the dose t o  each segment were computed. The first, r e su l t i ng  from 
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14C i n  the tissues, was derived from Eq. ( l ) ,  with S given by 
MeV (51.2) x 0.05 E rad 

s 5  rem/ VC i -day , 
m 

where m stands f o r  the mass i n  grams o f  the segment. For the second component of 
the dose to  each segment, a computer code which implements the model o f  Dolphin 
and Eve14 was employed; the code assumes 95 percent a c t i v i t y  absorption o f  the 
radionuclide i n  the small in test ine and no absorption o f  the f i v e  percent which 
passes i n t o  the large intest ine.  This assumption o f  near t o t a l  s o l u b i l i t y  for 
d ietary carbon compounds i s  i n  agreement wi th  the Reference Man” assumptions about 
carbon balance. The fol lowing shows, f o r  each segment o f  the G.I. t ract ,  the dose 
rate factor f o r  each o f  the two components o f  the dose, and the to ta l .  The lower 
large in test ine i s  seen t o  receive the largest dose, wi th  t o t a l  dose rate factor 
1.03 x 10 12 3 mrem/yr per C i / m  . 

Dose Rate (---) 
C i / m  

Segment 1 4 C  i n  Tissue Con tents Total 
Stomach 7.01 x 10l1 1.57 x 10l1 8.58 x 10” 

8.37 x lo1’ Upper large in test ine 6.67 x 1011 1.70 x 10 
Laver large in test ine 6.94 x 10” 3.33 x l o l l  1.03 x 1 O I 2  

When a l l  intake pathways are i n  equi l ibr ium wi th  the same atmospheric 14C speci f ic  
ac t i v i t y ,  the f ract ion o f  an organ dose rate that  may be at t r ibuted t o  14C uptake 
through inhalat ion may be calculated as 

Small in test ine 6.75 x 10l1 9.99 x 1o1O 7.75 x l o l l  
11 

inhalat ion uptake rate (gr 
t o t a l  uptake rate (9) ‘ 

7 Reference Man breathes a i r  a t  the rate o f  2.3 x 10 ml/day (8 h r  occupational “ l i g h t  
act lv i ty,”  8 h r  nonoccupational act iv i ty ,  8 hr resting).” With 0.16 g C/m i n  the 
air ,  the gram intake rate o f  carbon through inhalat ion i s  

3 

7 3 6  (2.3 x 10 ml/day)x(l m /10 ml)x(0.16 g C/n3) fa = 3.68 fa 9 C/day, 

where fa i s  the inhalat fon uptake f rac t i on  f o r  the organ o f  reference. Reference 
Man ingests 300 g C/day and thus has an ingestion uptake rate o f  300 f,, g C/day, 
where fw i s  the uptake f ract ion f o r  the reference organ through ingestion. Publi- 
cat ion 2 o f  the ICRP 
generally t ha t  publ icat ion assumes tha t  these fract ions are related by the equation 

11 provides values f o r  fa and fw f o r  several organs, but more 

fa - (0.5 + 0.25/fl) fw 
where f, i s  the f rac t i on  o f  the radionuclide passing from the G.I. t r a c t  t o  the 
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blood. T h i s  equa t ion  is ,  i n  fac t ,  based  on t h e  lung  model for  p a r t i c u l a t e  m a t t e r ,  
which assumes 25 p e r c e n t  r e t e n t i o n  of such  m a t t e r  i n  t h e  lungs and mechanical 
removal o f  50 p e r c e n t ,  which is swallowed. T h i s  model is  i n a p p r o p r i a t e  for  C02 
gas ,  however, and t h e  imp l i ed  ratio fa/fw = 0.75 ( f l  = 1 for  carbon) is probably  
conse rva t ive .  Bernard15 makes an argument which would suppor t  a va lue  fa/fw % 0.01 
for  C02 gas .  
c o n s e r v a t i v e  va lue  g ives  t h e  f r a c t i o n  of t h e  organ dose due t o  i n h a l a t i o n  

For t h i s  d i s c u s s i o n  t h e  choice  is n o t  impor t an t ;  u t i l i z a t i o n  of the 

= 0.009. (3.68) x (0.75) 
(3.68) x (0 . /5 )  + 300 3.68 fa / (3 .68  fa  + 300 fw) = 

The AIRDOS computer code16 was used t o  estimate t h e  dose to  the l o c a l  popu la t ion  
(peop le  l i v i n g  w i t h i n  50 miles of t h e  f u e l  r ep rocess ing  p l a n t ) .  The b a s i c  equa t ion  
used t o  e s t i m a t e  a tmospher ic  d i s p e r s i o n  i n  AIRDOS i s  P a s q u i l l s '  Equationl ' l  a s  
modi f ied  by Gifford.18 The a r e a  w i t h i n  50 miles of t h e  f a c i l i t y  was subd iv ided  
i n t o  16  sectors (22.5' each)  and i n t o  a number of a n n u l i .  Average annual atmos- 
p h e r i c  c o n c e n t r a t i o n s  of I4C a t t r i b u t a b l e  t o  t h e  r e p r o c e s s i n g  f a c i l i t y  r e l e a s e  were 
c a l c u l a t e d  for each  g r i d  s u b d i v i s i o n .  The average dose for an i n d i v i d u a l  i n  each  
g r i d  s u b d i v i s i o n  was e s t i m a t e d  u t i l i z i n g  t h e  i n d i v i d u a l  dose  methodology d e s c r i b e d  
p rev ious ly .  These dose e s t i m a t e s  were m u l t i p l i e d  by t h e  number o f  people  i n  the 
r e s p e c t i v e  g r i d  subd iv i s ion  and t h e  r e s u l t i n g  p roduc t s  were summed a c r o s s  t h e  e n t i r e  
a rea .  Unless o the rwise  s p e c i f i e d ,  t h e  dose estimates summed are t h o s e  for t o t a l  
body, and t h e  u n i t  used t o  e x p r e s s  popu la t ion  dose is man-rem. 

6.2.3 Ind iv idua l  Doses 

Estimates of dose to  an i n d i v i d u a l  a t  t h e  p o i n t  of maximum exposure  ( p l a n t  boundary 
1000 meters f r o m  t h e  s t a c k )  due t o  l46: release from t h e  fuel r ep rocess ing  p l a n t  a r e  
p re sen ted  i n  Table 111 0-5. The estimated va lues ,  ob ta ined  w i t h  t h e  methodoloqy 
described i n  6.2.2., are 50-year dose comnitments for one y e a r  of  I4C release ( 3  C i )  
from t h e  f a c i l i t y .  Estimates of dose  to  'an i n d i v i d u a l  a t  t h e  same l o c a t i o n  from 
o t h e r  r a d i o n u c l i d e s  r e l e a s e d  by the LMFBR fue l  r e p r o c e s s i n g  f a c i l i t y  a r e  summarized 
i n  t h e  LMFBR Program Proposed F ina l  Environmental S t a t emen t ,  Vol. 11, S e c t i o n  4 ,  
page 4.4-52, Table  4.4-7. The dose estimates p r e s e n t e d  i n  t h e  LMFBR Pmqram 
Proposed Fina l  Environmental S t a t emen t  are for an a d u l t  i n d i v i d u a l  r e s i d i n g  
c o n s t a n t l y  a t  t h e  si te boundary and consuming on ly  foods and beverages  produced a t  
t h a t  l o c a t i o n .  Those va lues  a r e  a l s o  50-year dose e o m n i t m n t s  e s t i m a t e d  t o  result 
from one y e a r  o f  f a c i l i t y  ope ra t ion .  The estimates p resen ted  t h e r e  a re :  2.0 m r e m  
t o  to ta l  body, 16 m r e m  t o  G. I .  t ract ,  and 12 m r e m  to  bone. In  each  c a s e  a t  l e a s t  
95 p e r c e n t  o f  t h e  e s t i m a t e d  dose  is c o n t r i b u t e d  v i a  t h e  i n g e s t i o n  and i n h a l a t i o n  
exposure  modes. The most s i g n i f i c a n t  i n c r e a s e  t h a t  would result from t h e  a d d i t i o n  
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n 
Table I11 D-5 

ESTIMATES OF 50-YEAR DOSE COMMITMENTS (mil 1 irem)* 

A t  1000 m Average person 
bou n d a r p  within 50 m i  .b Organ 

- 

Total Body 

Skeleton 

Endosteal Cells 

Red Marrow 

Bone 

Lung 

Liver 

Kidneys 

Spl een 

Thyroid 

Testes 

G.I. Tract  

1.3 E-2 

2.1 E-2 

2.3 E-2 

8.3 E-3 

5.9 E-3 

8.5 E-3 

7.6 E-3 

6.5 E-3 

6.2 E-3 

5.2 E-3 

1.1 E-2 

3.1 E-4 

4.8 E-4 

5.3 E-4 

1.8 E-4 

1.3 E-4 

2.0 E-4 

1.8 E-4 

1.4 E-4 

1.4 E-4 

1.2 E-4 

2.5 E-4 

3.9 E-2 8.9 E-4 Body Fat  

ax/Q = 1.1 E-7 sec/rn’ 

3 b ~ / Q  = 2.4 E-9 sec/m 

*To individuals f o r  one year of  14C re lease  (3 Cilyear ,  9.51 x Ci/sec) from 
the LMFBR fuel reprocessing plant .  
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of  14C dose contributions would be t o  the total-body dose. The total-body dose 
estimate fo r  an adul t  a t  the site boundary would be increased t o  2.01 m r e m  per year  
of f a c i l i t y  operation, an increase of 0.5 percent. 
a l l  individuals  l i v ing  w i t h i n  50 miles of the f a c i l i t y  a re  a l so  presented i n  
Table I11 D-5. 

Estimates of average dose f o r  

6.2.4 Local Population Doses 

All population dose est imates  presented here are  based on the assumption tha t  the 
released 14C is uniformly dispersed i n  the atmosphere, and tha t  man and h i s  env i ron -  
men t  a re  i n  equilibrium w i t h  the atmospheric 14C concentration resu l t ing  from the 
release ( spec i f i c  a c t i v i t y  concept). 
reference tissue. Estimates of population dose f o r  other  reference tissues would 
sca le  t o  the total-body value as the individual dose est imates  given f o r  the 
respective reference tissues i n  Table I11 D-4 sca le .  

A l l  values given are  f o r  t o t a l  body as the 

The population dose est imates  f o r  other  radionuclides released from the LMFBR fuel 
reprocessing f a c i l i t y  are  summarized i n  the LMFBR Program Proposed Final Environ- 
mental Statement, Vol. 11, Section 4, page 4.4-52, Table 4.4-8. 
g iven  there are  50-year dose comnitments calculated f o r  one year of radionuclide 
re lease  f r o m  the f a c i l i t y .  
11.1 of the same document) indicate  tha t  the est imates  are  f o r  a zero-growth popu- 
l a t ion  of one mill ion people l i v i n g  w i t h i n  50 miles of  the f a c i l i t y .  
population dose ( t o t a l  body) given there f o r  o ther  radionuclides is  35 man-rem per 
year  of f a c i l i t y  operation. 
f a c i l i t y  is  0.31 man-rem. 
50-year dose commitment estimated f o r  the local population per year of f a c i l i t y  
operation, and likewise, i t  would not cont r ibu te  s i g n i f i c a n t l y  t o  any estimates 
made of heal th  e f f ec t s  on the local population due t o  radionuclide releases  from 
the plant .  

The dose est imates  

Further, d e t a i l s  of the calculat ions (given i n  Appendix 

The estimated 

A comparable dose est imate  f o r  14C release from the 
Thus  14C would not be a major contr ibutor  t o  the to ta l  

7. COMPARISONS 

The dose potent ia l  of the estimated I4C re lease from the LMFBR fuel  reprocessina 
f a c i l i t y  can be compared w i t h  the dose potent ia l  fo r  estimated releases  of o ther  
radionuclides from the same f a c i l i t y .  The world population dose potent ia l  of the 
annual 3H, I4C, and 85Kr releases  from the LMFBR fuel reprocessing f a c i l i t y  can be 
compared u s i n g  UNSCEAR population dose fac tors  f o r  each. 
population is  assumed t o  be 6 x 10 people i n  the year  2000, and t o  have zero 
growth. The projected annual re lease of 14C is 3 C i  and the estimated to ta l  world 

In each case the world 
9 

population dose commitment i s  approximately 780 man-rem. The projected annual 3 H 
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re lease (LMFBR Program Proposed F ina l  Environmental Statement, Vol. I1 , Sect ion 4, 
5 page 4.4-44, Table 4.4-5) i s  1.52 x 10 C i  and the est imated t o t a l  wor ld  populat ion 

dose conmitment i s  1500 man-rem. The values f o r  % K r  are 1.22 x 10 C i  (Table 4.4-5) 
and 50 man-rem. Because o f  i t s  much longer  rad ioac t ive  h a l f - l i f e ,  the  r e l a t i v e  
importance o f  the  I4C release, on t h e  bas is  of wor ld  populat fon dose p o t e n t i a l ,  
r e l a t i v e  t o  H and 85Kr releases would be increased by the i n c l u s i o n  o f  considerat ions 
f o r  populat ion growth. The magnitude o f  the increase would be dependent on t h e  
dynamics o f  the  pro jec ted  popul a t i  on growth. 

5 

3 

111 D-20 



REFERENCES FOR SECTION I11 D.l 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Edward P. Hardy, Quarterly Sumnary Report, December 1, 1970, Through March 1, 
1971, Fa1 l o u t  Program Health and Safety Laboratory, WSL-242 (Apr i l  1, 1971 ) . 
Rio Blanco Gas Stimulation Project  - Final Environmental Statement, WASH-1519 
TApri l  1972). 

Rover Fuels Processing F a c i l i t y  - Final Environmental Statement, WASH-1512 
I A p r i l  1972). 

HTGR Fuels Reprocessing F a c i l i t i e s  - Final Environmental Statement, WASH-1534 
(August 1974). 

United Nations S c i e n t i f i c  Committee on the Effects o f  Atomic Radiation, 
Ion iz ing  Radiation: Levels and Effects, Vol. 1, United Nations, New York 
11972). 

L. Pauling, "Genetic and Somatic Effects o f  Carbon-14," Science E 1 1 8 3  (1958). 

H. Suess, Annual Reviews o f  Nuclear Science (1968). 

L. Machta, "Predict ion o f  COP i n  the Atmosphere," i n  Carbon i n  the Biosphere, 
ed. by G. W. Woodwell and E. V. Pecan, Technical Information Center, 
Of f i ce  o f  Information Services. USAEC (August 1973). 

W. S. Snyder, M. R. Ford, G. G. Warner, and S. B. Watson, A Tabulation of Dose 
Equivalent per Microcurie-Day f o r  Source and Target Organs o f  an Adult f o r  
Various Radionuclides, ORNL-5000 (November 1974). 

Internat ional  Comnission on Radiological Protection, Report o f  the Task Group 
on Reference Man, ICRP Publication 23, Pergamon Press (1974). 

Internat ional  Comnission on Radiological Protection, Report o f  Cornit tee I 1  on 
Permissible Dose f o r  Internal  Radiation, ICRP Publication 2, Pergamon Press 
(1959). 

Internat ional  Comnission on Radiological Protection, A Review o f  the Radio- 
s e n s i t i v i t y  of the Tissues i n  the Bone, ICRP Publication 11, Pergamon Press 
n968) .  

D. K. Trubey and S. V. Kaye, The EXREM I11 Computer Code f o r  Estimating 
External Radiation Doses t o  Populations f r o m  Environmental Releases, 

G. W. Dolphin and 1. S. Eve, "Dosimetry o f  the Gastrointestinal Tract," Health 

S. R. Bernard, "A Human Metabolic Model f o r  I4C-labeled Metaboli t ies Useful i n  
Dose Estimation," Proc. o f  the Th i rd  Int. Congress o f  the In t .  Rad. Protection 
Assn. (September 1973). 

PhySi cs 12, 163-1 72 (1 966). 

R. E. Moore, AIRDOS-A Computer Code f o r  Estimating Population and Individual 
Doses Resulting from Atmospheric Releases o f  Radionuclides f r o m  Nuclear 
F a c i l i t i e s ,  ORNL - -  TM 4687 (J anuary 191s). 

F. Pasquil l ,  Meteorol. Mag. 90, 1063 (1961). 

I11 0-21 



18. F.  A. Gifford, Jr. ,  "Use of Routine Meteorological Observations for Estimating 
Atmospheric Dispersion," Nuclear Safety c(4) , 47 (1961) .  

n 

XI1 D-22 



APPENDIX TO SECTION I11 D.l  - BASES FOR 14C PRODUCTION ESTIMATES I N  LMFBR FUEL 

1. SIGNIFICANT IMPURITY LEVELS I N  FUEL AND MATERIALS 

Nitrogen content o f  mixed oxide fuel -- 20 ppm, most o f  which i s  present as 
n i t r i d e  i n  the mixed oxide. Specifications f o r  nitrogen permit up t o  
200 ppm N2, but  experience wi th  LMFBR vendor fuel pe l le ts  indicates that 
the usual content i s  10-15 ppm. 

up to 150 ppm. The lower f igure i s  representative of LMFBR production 
pel le ts .  

45 ppm. 

0.05%; speci f icat ion c a l l s  f o r  0.04-0.06%. 

metal -- 0.54. 

solut ion i n  dissolver -- 0.0069. 

Carbon content o f  mixed oxide fuel -- 20 ppm, although specif icat ions permit 

Nitrogen content o f  stainless steel cladding and other structural  materials -- 
Carbon content o f  stainless steel cladding and other structural  materials -- 
Weight r a t i o  o f  stainless steel cladding and structural  materials to heavy 

Fraction o f  above stainless steel and structural  materials which i s  put i n t o  

2. BACKGROUND 

There are f i v e  possible neutron-induced reactions which might be expected t o  
produce s ign i f i can t  amounts o f  14C: 

(1 1 1 3 ~ ( n , r ) 1 4 ~  
(2) 14N(n,p)14C (p = 'H) 
(3) 15N(n,d)14C (d p2H) 

(4) 
(5) 170(n,a)14C (a = 4He) 

160(n, 3 He) 14 C 

Other ''C-producing reactions are possible, but probably not important, since they 
involve the emission o f  mul t ip le  par t ic les (e.g,, "N(n,np) 14 C). 

3. DATA AND PROCEDURES 

The cross-sections used i n  the calculat ion o f  the 14C production rate are o f  
c r i t i c a l  importance. Unfortunately, many o f  these cross-sections are not well 
known. I n  the f o l l  w i n g  paragraphs, the energy-dependent cross-section status 
for each o f  the f i v e  reactions l i s t e d  above w i l l  be discussed. These energy- 
dependent cross-sections are then collapsed t o  a single, e f fect ive cross-section 
using a CRBRP neutron spectrum. 
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Reaction #1 13C(n,y) 1% 
The cross-section data  for this reaction are not we 1 known f o r  non-thermal neutron 
energies. The values assumed were taken from Ref. 1 ,  wherein the 13C(n,y) cross- 
section was calculated based on a few experimental da ta  p o i n t s  and nuclear 
systematics. The cross-section obtained when the data given i n  Ref. 1 are 
collapsed to  an effective cross-section u s i n g  the CRBRP neutron spectrum is 0.5 vb 
(1 r b  = barns). The fact t h a t  the thermal I3C(n,y) cross-section i s  only 
0.9 mb coupled w i t h  the fact t h a t  cross-sections i n  the non-thermal energy regions 
are considerably smaller than thermal cross-sections tends to  confirm t h a t  the 
0.5 r b  value i s  realistic. 

Reaction #Z 
Of the five 14C-producing reactions listed, t h i s  is the only one where the data  may 
be considered t o  be adequately known. 
I4N(n.p) C reaction i s  available from the ENDF/B compilation. Collapsing this 
data w i t h  the CRBRP spectrum gives an effective cross-section of 13.2 mb, w i t h  an 
estimated error o f  2 30%. 

4N (n  ,p)  l4c 

Energy-dependent cross-section data for  the 
14 

Reaction #3 15N(n,d)14C 
The only cross-section data available on this reaction are some sketchy information 
on the angular distribution of the deuterons when the neutrons have energies of 
14-15 MEV. T h i s  information, coupled w f t h  the fact t h a t  the reaction is endo- 
thermic (Q = -7.99 M E V ) ,  would probably lead to a value of the cross-section i n  
the 0.01 - 0.1 mb range. However, for calcu ational purposes, a value of 1 .O mb 
was used. 

React1 on 14 
O f  the five reactions considered, the data  on this reaction are by fa r  the least 
well known. The reaction i s  highly endothermic (Q = -14.6 M E V ) ,  indicating t h a t  
neutron energies greater t h a n  this are required for the reaction t o  proceed. 
Information supplied by the Physics Division of Lawrence Livermore Laboratory 
indicates that the cross-section a t  15 MEV should be less than 1 mb, and a t  20 MEV 
less than 10 mb. By combining these 'guesstimates" w i t h  the CRBRP spectra and a 
theoretical expression for the availability of high-energy fission neutrons, the 
cross-section i s  estimated t o  be less t h a n  0.05 pb. 

value should be considered an upper limit, although the actual value is subject t o  
great uncertainty due t o  the lack of information on both the high-energy cross- 
sections and the high-energy neutron spectrum. 

60( r~,~tte)' 4C 

I t  should be noted tha t  t h i s  
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As w i th  reaction #I, the cross-section data for  t h i s  reaction are not wel l  known. 
The data used, which i s  again calculated data based on a few experimental data 
points and nuclear systematics, was taken from Ref. 1. The cross-section value 
calculated using t h i s  data and the CRBRP spectrum was 0.12 njb. 

To sumnarize, the cross-sections used are as follows: 

Reaction Ef fec t i ve  
# cross -section 
1 0.5 pb 
2 12.6 mb 
3 1.0 mb 
4 0.05 ub 
5 0.12 mb 

The LMFBR fuel model assumed was the Atomics Internat ional  Follow-On Desian.' The 
i n i t i a l  concentrations o f  the isotopes o f  importance i n  t h i s  case, i n  g-atoms/ 
Tonne HM, are: 

l2C:  33.33 l3c:0.374 
14N: 1.42 15N: 0.00528 
l60: 8383 "0:3.11 "0 : 17.1 

It should be noted tha t  the ORIGEN code i s  not capable o f  e x p l i c i t l y  accounting f o r  
h ,d )  o r  (n, He) reactions. This d i f f i c u l t y  may be circumvented by combining 
reaction #4 w i th  reaction #5 and reaction #3 w i th  reaction 82, since the na tura l l y  
occurring isotopes are present i n  a fixed r a t i o  f o r  each element. 
since the depletion o f  the C,N and 0 i s  r e l a t i v e l y  small ( ~ 2 % ) ~  the calculat fon i s  
eas i l y  performed by hand. 

3 

Alternat ively,  

4. DISCUSSION AND RESULTS 

Incorporation o f  the I 4 C  production cross-sections I n t o  the ORIGEN code, coupled 
w i th  some hand calculations, resu l ts  i n  the 14C a c t i v i t y  produced per unit  o f  
parent element given i n  Table I11 0-6. On the basis tha t  the fuel contains 20 ppm 
nitrogen, 20 ppm carbon and stoichiometric oxygen, the resu l t ing  amount o f  14C i s  
0.211 Ci/Tonne. The source breakdown o f  the 14C a c t i v i t y  i n  1 tonne o f  LMFBR fuel 
i s  given i n  Table I11 0-7. The source breakdown for 14C a c t i v i t y  i n  the stainless 
steel  components I s  given i n  Table I11 D-8. 
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Table I11 D-6 

LMFBR 14c ACTIVITY PRODUCED BY SEVERAL NUCLEAR PROCESSES~ 

14 
Reaction Reaction C i  C per b 

# u n i t  o f  parent element 
c i  l 4 C  1 3 ~ ( n  ,y)14c 4.81 + 

2 

3 5N( n ,d)’ 4C 

c i  l 4 C  
- PPm N 

c i  l 4 C  

1.01 r. 10-2 

2.85 x p p m ~  

14f 4 160(n, 3 He) 14 C 4.53 x c i  

4.03 c i  l4cC 14 5 17~(n,a) c 

‘After exposure o f  37,000 MWD/tonne. 
bppm = par ts  per m i l l i o n  i n  heavy metal by weight. 
‘Oxygen content based on s to ich iometr ic  mixed oxide fue l .  
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Table I11 D-7 

EXPECTED 14C ACTIVITY I N  1 TONNE OF LMFBR FUEL 

% 
Reaction Reaction c i  l 4 C  o f  To ta l  

# A c t i v i t y  

To ta l  

3~ (n ,y )14c 

14N( n ,p)’ 4C 

5N( n *d) 4C 

l60( n ,3He) 14C 

7 ~ (  n *a)  l 4~ 

9.62 x 4.57 

2.02 x 10-l 95.91 

5.70 2.71 x 

4.53 2.15 

4.03 1.91 
- 

2.11 x 10-1 100 

Table I11 D-8 

EXPECTED 14C ACTIVITY I N  STAINLESS STEEL COMPONENTS ASSOCIATED 
WITH 1 TONNE OF LMFBR FUEL 

% 
Reaction of Tota l  

Reaction c i  l 4 C  Ac ti v i  ty # 

1 

2 

3~ (n , y 1’ 4~ 

14N( n , p)’ 4C 

1.30 x 3.05 

2.45 x 10” 1 00 

3 5N( n ,d )’ 4C 6.92 2.94 x 

To ta l  2.46 x 10” 100 
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As i s  evident, the 14N(n,p) reaction t o t a l l y  dominates the production o f  14C. Since 
the cross-section f o r  t h i s  reaction i s  reasonably well known, the value o f  0.202 C i  

14C per tonne i n  the fuel should be qui te accurate f o r  a nitrogen concentration o f  

20 Ppn. 

I t  i s  also evident # a t  reactions 51 and 13 contr ibute i n  a qui te minor way to the 
production o f  14C. Even though the cross-sections f o r  these reactions are only 
approximate, i t  i s  clear that  any probable change i n  these cross-sections would not 
a f fect  the overal l  t o ta l  s ign i f icant ly .  

The fac t  that  the 14C production rates v ia  reactions 54 and #5 are s t i l l  s ign i f icant  
(each about 2% o f  the t o t a l )  indicates that  non-negligible changes i n  the to ta l  14C 
production rate aright occur as the 160(n,3He) o r  170(n,a) cross-section data become 
bet ter  known. However, i t  i s  f e l t  that  the cross-section values used i n  th i s  analy- 
s is  erred on the conservative side, and therefore, that  the 14C production rates 
from reactions 64 and 65 are probably too high. 
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I11 0.2 

4.6s RADIOACTIVE WASTE WNAGEMENT 

A. MIGRATION OF RADIOACTIVITY FROM LOW-LEVEL BURIAL GROUNDS 

1. INTRODUCTION 

The fol lowing paragraph i s  from page 4.6-46 o f  the LMFBR Program Proposed Final 
Environmental Statement, dated December, 1974. 

"...Authorization to operate a conmercial land bur ia l  f a c i l i t y  i s  based on 
an analysis o f  the nature and location o f  potent ia l ly  affected f a c i l i t i e s ;  
of the s i t e  topographical , geographical , meteorological , and hydrological 
characteristics; and o f  groundwater and surface water use i n  the general 
area which must demonstrate that  buried radioactive waste w i l l  not  migrate 
from the si te.  To date, there have been no reports o f  migration o f  radio- 
act ive material f r o m  comnercial bur ia l  si tes. 
there would be such a finding, several courses o f  act ion could be taken, 
including: 
material f r o m  the bur ia l  area i n  which i t  originated, (3)  grouting o f  the 
s i t e  f r o m  which the radioactive material originated, o r  (4) other such 
procedures that  might be necessary, depending on the extent o f  migration o f  
radioactive material from the site." 

I n  the unl ikely event that  

(1) a h a l t  t o  bur ia l  operations, (2)  removal of the radioactive 

[underlining added] 

Since the Statement was published, there have been reports o f  the migration of 
rad ioact iv i ty  f r o m  comnercial bur ia l  areas i n  Kentucky and New York State.' ** 
These reports, and potent ia l  actions to be taken as a resul t  of the migration o f  
radioact iv i ty,  are discussed i n  the fol lowing paragraphs. 

2. REPORTS OF THE MIGRATION OF RADIOACTIVITY 

Conclusions 1 and 2 o f  the report  prepared by the Kentucky Department f o r  Human 
Resources are as follows: 1 

"(1) The radioactive was@ disposal s i t e  a t  Maxey Flats, Kentucky i s  
contr ibuting rad ioact iv i ty  t o  the environment. The a c t i v i t y  
detected i n  the environment does not create a public health 
hazard. Hawever, the level  o f  a c t i v i t y  detected demonstrates 
the need to in tens i fy  cu'rrent monitoring a c t i v i t i e s  to provide 
additional information to determine t o  what possible extent 
migration o f  radioactive material i s  occurring a t  the s i t e  and 
for assessing the long range signif icance o f  the findings. 
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(2 )  The movement of radioactivity from the facility could be through four 
major routes: 
(a) Surface water run-off. 
( b )  Atmospheric fallout from the evaporator plume. 
(c) Migration through geologic formation fissure systems. 
( d )  Lateral migration throughout the soil zone." 

I t  has been 
York low level waste burial s i te  have seeped out  o f  the trench cover. The seepage 
was principally limited t o  onsite areas near the trenches al though some seepage 
drained t o  the surface water courses a t  the site. 
determined t h a t  the radioactivity levels i n  the seepage constitute no hazard t o  
the public health and safety. The s i te  operator has decided t o  close the s i te  
until the details fo r  further studies t o  assess conditions a t  the si te and pro- 
cedures fo r  operation of the s i te  are resolved. The following information was 
obtained from a recent article. 

t h a t  liquids in certain trenches a t  the West Valley, New 

The State of New York has 

3 

"The Department of Environmental Conservation and NFS have, since early 
March of 1975, undertaken a comprehensive review of the NFS low level 
radio-active waste burial facility. The Department's increased concern 
about  the NFS facilities resulted from evidence, which was uncovered as a 
result of regular DEC monitoring and surveillance programs, t h a t  unauthor- 
ized release of radioactive water was occurring because of seepage through 
the cover over the low level waste burial trenches.. . . 
" I t  was only i n  early March, however, t h a t  the Department and NFS repre- 
sentatives found t h a t  these accumulations of radioactive water were 
resulting i n  seepages to  the environment from two of the low level waste 
trenches.. . . 
"On March 11, NFS stopped receiving low level wastes.... 

"...The recent increase in rate of accumulation may have resulted from the 
f a c t  t h a t  a substantial port ion of the cover o f  these trenches had settled 
during the winter, creating a catch basin effect. 
the trenches is  kept mounded t o  prevent water accumulation or seepage in to  
the trenches. 

Normally, the cover on 

n 
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" I t  is also possible, however, that  the increased accumulations of water i n  
these two trenches, as well as a t  least  one other trench on the burial s i t e ,  
resulted from underground inf i l t ra t ion.  DEC and i ts  consultants and NFS are 
accelerating studies t o  find out the cause of these accumulations of water 
i n  the trenches. 

"Over the next few months, the Department of Environmental Conservation will 
be undertaking a comprehensive review of the NFS low level waste burial 
operations and fac i l i t i es . "  

The following paragraph was provided by the New York. State Department of Envi ron-  
mental Conservation t o  update the information a1 ready provided. 4 

"In order t o  prevent the further physical breakthrough of radioactivity 
t h r o u g h  the cover, 225,000 gallons of water were pumped from three of the 
trenches t o  the low level waste lagoon system at the NFS renrocessing 
plant. 
treated a t  the lJFS low level waste t r ea tmen t  plant t o  remove strontium, 
cesium and plutonium isotopes. T r i t i u m  was not removed by the t r ea tmen t .  
After treatment the water was discharged t o  the local water courses i n  
accordance w i t h  procedures agreed to  by NFS and the Department of 
Environmental Conservation. I' 

The water was intermixed w i t h  wastes from the plant and then 

3. DISCUSSION 

The following information i s  taken from the report  by the Kentucky Department of 
Human Resources. 1 

"The Nuclear Engineering Company, Inc. (NECO) of LoUlsville, Kentucky operates 
a radioactive waste disposal s i t e  a t  the Maxey Flats area i n  Fleming County, 
Kentucky. The operation of this s i t e  i s  under authorization of a radioactive 
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material license issued by the Radiation and Product Safety Branch of the 
Department fo r  Human Resources. 
the Kentucky Department fo r  Natural Resources and Environmental Protection, 
Division of Air, Division of Water, and Division of Solid Waste. The 
Department for  Human Resources is the primary regulatory agency under the 
terms of a Kentucky-U. S. Atomic Energy Conmission (AEC) regulatory agreement. 
T h i s  radioactive disposal f a c i l i t y  was started i n  1963. The Radiation and 
Product Safety Branch, Environmental Radiation Laboratory has maintained a 
comprehensive pre and post-operational radiation monitoring program a t  the 
f a c i l i t y  since March, 1963. Also, NECO has conducted a radiation monitoring 
program. 

Regulation of the operation is also under 

"During the f i r s t  ten years of operation, no detectable quantit ies of radio- 
act ivi ty ,  above natural background, on a repeated basis, had been observed. 
In 1971 a proposal fo r  future  studies a t  the waste disposal f a c i l i t y  was 
recommended by members of the Radiological Health s t a f f .  The basis fo r  th i s  
recommendation was due to: 

(1) increasing quantit ies of radioactive materials, particularly large 
quantit ies of special nuclear material, be ing  disposed of a t  the site; 

(2) s t a f f  concern about the containment of buried waste relating to water 
management aspects. 

"In 1972 certain environmental monitoring data began t o  indicate a possible 
in i t i a t ion  of radioactivity contribution t o  the innnediate Maxey Flats site 
area. On November 15, 1973, a six month special environmental radiation 
monitoring study o f  the radioactive waste disposal f a c i l i t y  was ini t ia ted.  
The study was designed, w i t h i n  the constraints of available resources, t o  
quali tatively and quantitatively identify the source and scope o f  increased 
levels of environmental radiation previously discovered i n  the area.. ..'I 

1 In addition t o  items (1 )  and ( Z ) ,  the Kentucky report concluded ... 
"(3) Ex i s t ing  geological mechanisms a r e  not effective i n  maintaining tritium 

(The r a t e  of tritium migration was waste w i t h i n  the disposal trenches. 
not determined by the study.) 
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(4) Man-made radionuclides measured i n  cer ta in  indiv idual  samples col lected 
i n  the unrestr icted environment i den t i f i ed  Tri t ium, Cobalt 60, Strontium 
89 and 90, Cesium 134 and 137, and Plutonium 238 and 239. 

(5)  Plutonium concentrations measured i n  cer ta in  indiv idual  samples 
col lected i n  the unrestr icted environment and Test Wells exceed 
ambient levels.. . . ' I  

The fol lowing information i s  taken from the press release o f  the New York State 
Department o f  Environmental Conservation. 2 

"'While D.E.C. monitoring o f  the bur ia l  s i t e  has observed recent increases 
i n  the level  o f  rad ioac t i v i t y  around the bur ia l  s i te ,  the Department has not 
found from water tes ts  t h i s  week any s ign i f i can t  increase i n  rad ioac t i v i t y  
i n  Buttermilk Creek,' Commissioner Reid said. 

"'The r i s i n g  leve l  o f  radioactive contaminated water i n  the trenches and the 
potent ia l  release o f  rad ioac t i v i t y  such as Strontium 90 from the bur ia l  s i t e  
i n t o  Buttermilk Creek, Cattaraugus Creek and u l t imate ly  Lake Erie, are matters 
o f  concern t o  the Department', Comnissioner Reid said. 'Departmental repre- 
sentatives reported tha t  a substantial por t ion  o f  the cover o f  one bur ia l  
trench had sett led, creating a catch-basin ef fect .  
leve l  o f  water i n  the trench and seepage o f  radioact ive water out of the cover 
o f  the trench. I "  

This resul ted i n  a r i s i n g  

Thus there seems t o  be l i t t l e  doubt tha t  there has been some migration o f  radio- 
ac t i v i t y ,  including tritium and plutonium, from two comnercial bur ia l  areas. There 
have been no such reports from the other commercial areas. The processes and 
pr inciples f o r  the migration o f  rad ioac t i v i t y  are somewhat unknown, but i t  appears 
tha t  surface water run-of f  i s  one factor.  
cannot be ru led  out a t  present. 

However, underground i n f i l t r a t i o n  

Furthermore, there appears t o  be general agreement tha t  addi t ional  measurements o f  
the migration o f  rad ioac t i v i t y  from the comnercial bur ia l  areas i n  Kentucky and 
New York State are needed and tha t  the t o t a l  migration tha t  has occurred to  date 
does not const i tute a s ign i f i can t  pub l i c  health hazard. The U.S. Geological Survey 
(USGS) i s  i n i t i a t i n g  a study o f  comnercial low l eve l  waste bur ia l  areas t o  obtain 
information required t o  develop guidelines f o r  evaluating fu tu re  bur ia l  s i tes  and, 
i f  possible, t o  develop pred ic t i ve  models t o  assess the extent o f  transport of 
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waste i n  d i f f e ren t  geological formations. The Survey's five-year study w i l l  use 
f i e l d  data from the state-owned bur ia l  s i tes and theoretical and laboratory solute 
transport data to  construct predict ive models f o r  d i f f e ren t  hydrogeological 
 environment^.^ Waste solute transport models can be used to predict how fast  and 
i n  what direct ion waste w i l l  move f r o m  bur ia l  si tes. The data analyses and in ter -  
pretat ion w i l l  develop bet ter  geologic and hydrologic c r i t e r i a  f o r  use i n  evaluating 
waste bur ia l  si tes. Completed studies w i l l  provide data that w i l l  be useful i n  the 
monitoring and management o f  exist ing sites. Also, EPA i s  conducting environmental 
studies and pathway analyses a t  the Maxey Flats s i t e  t o  bet ter  evaluate the 
significance o f  the publ ic health hazards. Kentucky has established a corni t tee 
o f  Federal and State representatives t o  design detai led studies to further evaluate 
the Maxey F lats \s i te .  New York State has retained consultants and plans t o  work 
closely wi th the s i t e  operator i n  carrying out fur ther studies a t  the West Valley 
s i te.  

4. CONCLUSIONS 

It i s  concluded that  the migration o f  rad ioact iv i ty  from two conrnercial l o w  level  
waste bur ia l  areas i s  a problem requir ing resolut ion f o r  the nuclear power industry 
i n  general but  i s  not an imnediate concern f o r  the LMFBR Program. It i s  expected 
that  the studies previously discussed w i l l  disclose the processes and pr inciples 
f o r  the migration o f  rad ioact iv i ty  and appropriate steps can be developed to  reduce 
further migration f r o m  these areas. I t  i s  also expected that improved c r i t e r i a  f o r  
determining the s u i t a b i l i t y  o f  comnercial low level  bur ia l  areas w i l l  be developed 
before s ign i f icant  quanti t ies o f  low level  wastes f r o m  the LMFBR fuel cycle are 
sent to such bur ia l  areas. Now that  the problem has been iden t i f i ed  a t  comnercial 
bur ia l  grounds and ERDA sites,6 steps are being taken to  mit igate the consequences 
o f  ex is t ing and t o  develop improved bur ia l  ground s i t i n g  c r i t e r i a .  
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B. WASTE MANAGEMENT PROGRAM PLAN 

1. INTRODUCTION 

This preliminary waste management program plan i s  derived f r o m  material contained 
i n  ERDA-48, "A National Plan far Energy Research, Development and Demonstration: 
Creating Choices f o r  the Future," Volume 2: Program Implementation. This plan 
covers only that  pa r t  o f  the overal l  waste management program plan (presented i n  
ERDA-48) dealing wi th comnercial radioactive wastes. Plans f o r  managing ERDA 
radioactive wastes, pr imari ly resul t ing from the production o f  materials f o r  nuclear 
Weapons, are not included i n  the program plan presented here. 

Figure I11 D-3, a schematic representation o f  the radioactive waste management program 
plan, wi th  outputs and tentat ive milestones, shows the various individual topics 
discussed separately i n  the fol lowing sections. Although a considerable amount o f  
research and development on many o f  these topics has already been completed, com- 
pleted research and development i s  not discussed here. Only ongoing and new 
research, development and demonstration e f f o r t s  are presented. Lastly, i t  should 
be noted that  the contents, timing, milestones and p r i o r i t y  o f  the fol lowing e f fo r t s  
may be changed as new information i s  developed during the execution o f  the program. 

2. 

Regulations require that  aqueous highly radioactive waste f r o m  comnercial spent fuel  
processing plants be converted to a stable s o l i d  wi th in  f i v e  years o f  i t s  generation. 
ERDA has a continuing program f o r  development o f  technology f o r  conversion o f  waste 
to massive low-leachable fonns. Primary emphasis has been given to the s i l i c a t e  
glass form. However, studies are also i n  progress on ceramic waste forms that  may 
provide advantages i n  processing s t a b i l i t y .  The program w i l l  be continued: (1) t o  
confirm the long-tenn s t a b i l i t y  o f  the glass calcine and alternate ceramic waste 
forms that  have been developed; (2) to develop and tes t  equipment required f o r  con- 
version o f  the radioactive waste to  the glass and ceramic forms; and (3) t o  operate 
a p i l o t  p lant  using selected processes wi th  simulated radioactive wastes. 

TECHNOLOGY DEVELOPMENT FOR COMMERCIAL HIGH LEVEL AND TRANSURANIC WASTES 

I n  1974, the NRC (then AEC) published f o r  comnent a proposed regulat ion which would 
prohib i t  fur ther bur ia l  o f  comnercial transuranic wastes i n  s o i l  and require such 
waste to be transferred t o  Federal custody. I f  the regulat ion becomes effective, 
ERDA plans t o  store most o f  the received material a t  one o f  the large exist ing ERDA 
sites, using the methods developed over the past several years f o r  stor ing the 
large volumes o f  Rocky Flats plutonium-contaminated waste. Adaptation o f  pad 
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storage, or  modification of processing cells i n  existing buildings, will probably 
be provided for the "hulls," or  fuel cladding residues, which, i n  add i t ion  t o  
transuranics, are contaminated w i t h  radioisotopes t h a t  have penetrating radiations. 

Comrcial transuranic wastes will be generated primarily i n  spent fuel processing 
and plutonium fuel fabrication plants. In anticipation of  the^ growing commercial 
transuranic-contaminated sol i d  waste problem, a broad development program will be 
continued to evaluate all aspects of this commercial problem, especially methods 
for reducing the radioactive content and volume of waste generated, as well as for  
further reducing the volume o f  the waste which must be stored or disposed of. 

In the preparation of irradiated fuels for chemical processing, short segments o f  
quite highly contaminated zirconium fuel cladding-tubing end up as waste. There 
is a need to stabilize the zirconium, and to reduce i t s  volume for safe and 
economic storage as a solid waste. There will be a continued effort to  establish 
technical feasibility for treatment methods which have been identified as promising 
approaches i n  previous theoretical studies. To date, chemical decontamination 
of cladding hulls followed by melting or  mechanical compaction appear to be the 
most promising methods. Studies will also be directed toward possible recovery 
of the zirconium and reuse by the nuclear i n d u s t r y .  Treatment methods for  
solidifying o r  decontaminating cladding hulls will be developed. 

3. RETRIEVABLE SURFACE STORAGE 

Except for about 600,000 gallons of commercial high-level radioactive waste produced 
i n  the late sixties and currently stored as a neutralized solution i n  carbon steel 
tanks on land owned and controlled by the State of New York, essentially no commer- 
cial high-level radioactive waste exists today. Until the commercial spent fuel 
processing plants comnence operation, the spent fuel from commercial nuclear power 
reactors will be stored either a t  the reactors, a t  one of the processing plants, or 
possibly a t  special facilities constructed and licensed especially for t h i s  purpose. 

Various methods for the safe retrievable storage of highly radioactive, heat 
generating waste material have been studied and evaluated. Three approaches - 
water cooled basin,  a i r  cooled vault and shielded a i r  cooled individual container - 
have been shown to be capable of safely containing the canistered waste for 
decades - or  even for centuries - should this be necessary. Each can be built and 
operated w i t h i n  existing technology. Studies have also Shawn tha t ,  from a technical 
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standpoint, any one o f  the three large western ERDA s i tes - Hanford, Idaho, and 
Nevada - could be acceptable s i tes f o r  storage. 

I n  1974, i n  compliance with the National Environmental Pol icy Act (NEPA), NRC (then 
the regulatory arm o f  the AEC) published a d ra f t  generic environmental impact state- 
ment on the recycle o f  plutonium as a fuel i n  water reactors, and ERDA (then the 
operating a n  o f  the AEC) published a d r a f t  enviknmental impact statement on i t s  
plans t o  manage the high-level and transuranic radioactive waste material which i t  
would receive f r o m  licensed commercial operations under exist ing and proposed NRC 
regulations. Since publication o f  these two d ra f t  statements, wr i t ten public 
comnents - and, i n  the case o f  the waste management statement, verbal testimony a t  
two public hearings - have been c r i t i c a l  'of  the scope and content o f  each. 

While no f i n a l  action has been taken by the NRC wi th  regard to the "plutonium 
recycle" question, i t  has indicated* t o  the industry i t s  provisional views that  
pending resolut ion o f  t h i s  problem, i t  should not grant approval f o r  fur ther con- 
struct ion, plant modification o r  operation o f  spent fuel  processing o r  plutonium 
fuel fabr icat ion plants. This delay i n  the date o f  i n i t i a l  operation o f  the "waste 
producing" plants - and more importantly o f  the f a c i l i t i e s  f o r  so l i d i f i ca t i on  o f  the 
aqueous high-level radioactive waste - means that  the t i m e  when ERDA w i l l  receive 
packaged high-level waste i s  more l i k e l y  t o  be i n  the mid t o  l a t e  eighties rather 
than the ear ly eighties, and the rate o f  del iveries a f t e r  the i n i t i a l  receipts w i l l  
be much less than o r ig ina l l y  anticipated. 

ERDA, a f t e r  a careful review o f  the comnents on i t s  statement on management o f  
commercial radioactive waste, and with knowledge o f  the potential delays i n  approval 
o f  waste generating plants j u s t  mentioned, decided t o  withdraw the d r a f t  waste 
management statement and to issue a new d r a f t  wi th  a much expanded scope to cover 
a l l  options o f  management f r o m  the t i m e  the spent fuel  i s  removed from the reactor 
u n t i l  a l l  the radioactive wastes generated by nuclear reactors have been disposed o f  
safely. 

This expanded statement w i l l  require twelve t o  eighteen months t o  prepare i n  d r a f t  
form. Another s i x  to twelve months w i l l  be required to  receive wr i t ten c m e n t s ,  
hold publ ic hearings and issue a f i n a l  document which considers the comnents. Based 
on th i s  t ime schedule, i t  i s  impossible t o  take any af f i rmat ive action on construction 
o f  f a c i l i t i e s  to  manage comnercial radioactive waste f o r  a t  least  two years. 

vedera l  Register, Vol. 40, NO. 90, Thursday, May 8, 1975. 
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ERDA plans t o  use t h i s  time f o r  a much expanded research and development program 
on bedded s a l t  and other disposal methods - w i th  the object ive o f  having acceptable 
disposal methods demonstrated a t  the e a r l i e s t  possible time. This w i l l  minimize 
the ul t imate impact o f  the i n i t i a l  delays and, depending on the t iming o f  the reso- 
l u t i o n  o f  the plutonium recycle question, could possibly el iminate the need fo r ,  
o r  a t  l eas t  reduce the magnitude of ,  the program f o r  re t r ievab le  surface storage 
which had previously been a keystone o f  the ERDA waste management program. 

4. GEOLOGIC DISPOSAL PILOT PLANT 

ERDA has recently restarted a program leading t o  the construction o f  a " p i l o t "  
disposal f a c i l i t y  i n  bedded s a l t  i n  southeast New Mexico. When t h i s  f a c i l i t y  i s  
ready t o  receive radioactive waste i n  the ear ly  eighties, treated plutonium waste 
from ERDA storage f a c i l i t i e s  w i l l  be the f i r s t  material emplaced therein. As the 
programs on s o l i d i f i c a t i o n  and packaging o f  high-level waste proceed t o  a po in t  
where sealed canisters o f  waste, ready f o r  disposal, are avai lable, the p i l o t  
f a c i l i t y  may be used t o  fu r the r  study the high-level waste disposal capab i l i t i es  
o f  bedded sal t .  The l a t t e r  studies and other studies which w i l l  be made on the 
technical, safety and economic aspects o f  disposal o f  high-level waste w i l l  form 
an important p a r t  o f  the overa l l  program f o r  i s o l a t i o n  o f  comnercial high-level 
waste and w i l l  provide required technical support f o r  one o r  more addi t ional  
f a c i l i t i e s  f o r  such wastes. 

The i n i t i a l  object ive i s  t o  provide the f a c i l i t i e s  and capab i l i t i es  t o  permanently 
dispose o f  ERDA transuranium waste. This object ive i s  achievable w i th  proven ex i s t i ng  
analyt ical  capab i l i t i es  and technology. Limited quanti t i e s  o f  transuranium waste 
w i l l  be received and placed i n  the s a l t  bed i n  a f u l l y  re t r ievab le  condit ion. 
P i l o t  p lan t  operations w i l l  be continued u n t i l  the observations and measurements 
made have demonstrated the safety and acceptab i l i t y  o f  the disposal mode, a f t e r  
which the p i l o t  p lan t  may be converted t o  a f u l l  capacity disposal operation 
wherein the waste w i l l  no longer be read i l y  retr ievable.  

The pr inc ipa l  e f f o r t  i n  FY 1976 w i l l  be aimed a t  the development and accumulation 
o f  the data needed t o  support a budget request f o r  a FY 1978 construction project .  
I n  order t o  accomplish t h i s  goal, s i t e  select ion invest igat ions w i l l  be completed, 
a s i t e  w i l l  be selected, and a f ina l  s i t e  evaluation repor t  w i l l  be prepared. An 
arch i tec t  engineer w i l l  be selected and work i n i t i a t e d  on the development o f  a 
conceptual mine arrangement and f a c i l i t y  layout t ha t  can be used as the basis f o r  
the p ro jec t  cost estimate to  be included i n  the budget documents. Rock mechanic 
evaluations o f  a l te rna t ive  mine arrangements w i l l  be continued unt i l  a spec i f i c  
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concept i s  selected f o r  inclusion i n  the f a c i l i t y  conceptual design report. 
Work w i l l  be carr ied out on the analyses and accumulation o f  data needed f o r  
inclusion i n  an Environmental Impact Statement. A bore hole/mine shaft plugging 
program which u t i l i z e s  ex is t ing plug materials and plug emplacement techniques w i l l  
be expanded and an instrumented plugging demonstration performed i n  the f i e ld .  

5. GEOLOGIC DISPOSAL FACILITY 

I n  addit ion to the developmental e f f o r t  on bedded sa l t ,  ERDA plans to continue the 
investigation o f  other geologic formations that  can also potent ia l ly  be used f o r  
permanent disposal o f  radioactive waste materials. This program w i l l  continue the 
investigation o f  the occurrence and properties o f  formations such as granite, shale, 
limestone, mudstones, clay and s a l t  domes. 
determine the geologic and hydrogeologic environments that  influence the i n t e g r i t y  
of such formations against groundwater intrusion and movement. The program w i l l  
also evaluate and investigate possible techniques o f  cavi ty formation such as mining, 
tunneling, d r i l l i n g ,  explosive fracturing o r  s lu ic ing suitable storage cavities; 
methods of waste emplacement wi th in  the cavity; and f i n a l l y ,  design experiments 
and tests that  w i l l  provide the confirmatory data and engineering basis f o r  assuring 
that permanent disposal can indeed be conducted i n  a selected system. Seabed dis- 
posal i s  also being investigated. The objective o f  these studies i s  to  obtain that  
infomat ion on formations, other than bedded sa l t ,  required f o r  future decisions on 
the type and location o f  a geologic disposal f a c i l i t y  (or  f a c i l i t i e s )  f o r  high-level 
and transuranic wastes. 

F ie ld  surveys w i l l  be conducted to  

6. OTHER RADIOACTIVE WASTE MANAGEMENT 

A t  the present t ime, most o f  the long-lived gaseous f iss ion products generated i n  
reactor fuel  are released a t  the spent fuel processing plants. The pr incipal  
radioactive isotopes involved are t r i t ium,  krypton-85, iodine-129, and carbon-14 
(released as carbon dioxide). Both EPA and NRC are currently considering regulations 
for these gases which may prevent t h e i r  emission a t  comnercial plants i n  the mid 80's. 

Work has been under way f o r  some time a t  ERDA laboratories t o  develop ways to  remove 
these radioactive gases from plant ef f luents and some o f  the developments have been 
e f f i c i e n t l y  applied a t  ERDA f a c i l i t i e s .  This development program i s  aimed a t  pro- 
viding the technology needed t o  safely f i x  and store these wastes. Investigations 
o f  so l i d i f i ca t i on  techniques f o r  each o f  these gases are now under development on 
a laboratory scale and p i l o t  demonstrations are planned i n  1978 f o r  t r i t i u m  and 
iodine, and 1979 f o r  krypton. 

r 
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Improving the co l lec t ion  and handling of radioact ive airborne pa r t i cu la t e  wastes is 
another important aspect of this program. The pr incipal  object ive i s  t o  improve 
the ef f ic iency  and r e l i a b i l i t y  of f i l t r a t i o n  systems f o r  plutonium f a c i l i t i e s  and 
t o  reduce the  volume of plutonium contaminated f i l t e r s  requir ing s torage as waste. 

I t  is expected t h a t  two f a c i l i t i e s  f o r  management of these gaseous wastes will be 
required - one f o r  s torage o f  r e l a t i v e l y  short- l ived wastes (tritium and krypton) 
and one f o r  disposal of  long-lived wastes (carbon-14 and iodine-129). T h i s  l a t t e r  
waste may be placed i n  the geologic disposal f a c i l i t y .  As shown i n  Figure I11 D-3 

such f a c i l i t i e s  a r e  expected t o  be ava i lab le  a f t e r  1985. 
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6A.1.1.2S THE ASSESSMENT OF U.S. URANIUM RESOURCES 

1. Background 

U.S. uranium resources are discussed i n  PFES Volume 111, Sections 6A.1.1.2, 
6A.1.1.8 and 6A.1.1.9 and i n  PFES Volume I V ,  Section 11.2.3.7. The re la t i ve l y  high 
grade uranium Fesources i n  the U.S. are found mostly i n  western sandstones. ERDA 
estimates as o f  January 1, 1975 indicate resources o f  2.7 m i l l i o n  tons o f  U308 i n  
th i s  type o f  ore and an additional 0.8 m i l l i o n  tons i n  non-sandstone ores, a l l  
w i th in  the ERDA $30 category.* However, less than 20% o f  these resources are i n  
the ore reserve category;** the balance represents estimated potent ia l  resources. 

There are mre extensive deposits o f  uranium i n  geological formations such as shales 
and granites i n  the U.S., but the uranium concentration i s  so low i n  these forma- 
tions that  technical, economic and environmental constraints w i l l  probably i n h i b i t  
o r  prevent t h e i r  exploi tat ion on a large scale. 

Over the long term, prospects for s ign i f icant ly  augmenting U.S. uranium resources 
with imported uranium are not good, unless new discoveries add appreciably to  
currently estimated foreign resources. The ins ta l l a t i on  o f  non-breeder nuclear 
capacity abroad i s  proceeding a t  a rapid pace and i s  projected t o  grow such tha t  
a l l  current ly estimated foreign uranium resources (non-comnunist countries) 
evidently w i l l  be needed to  support t h i s  nuclear capacity. 

I n  terms o f  U308 requirements t o  support LWR and HTGR plants over t h e i r  service 
l ives,  a U.S. resource base o f  3.5 m i l l i o n  tons o f  U308 could be f u l l y  c m i t t e d  
before the end o f  the century, assuming moderate growth i n  LWR and HTGR additions 
to  i ns ta l l ed  e l e c t r i c  generating capacity i n  the U S . ,  and taking i n t o  considera- 
t i o n  the amount o f  uranium tha t  nust be avai lable i n  reserves to support needed 
rates of supply. This poss ib i l i t y  argues i n  favor o f  ear ly comnercial introduction 
of the LMFBR, beginning about 1990. 

On the other hand, the need f o r  the LMFBR - or a t  least  the need f o r  i t s  ear ly 
commercialization - has been questionedt on’ the .thesis that  there i s  an abundance 
o f  reasonably economic uranium i n  the U.S., wait ing to  be discovered. It i s  argued 

*i.e., forward production costs per pound o f  U308; not t o  be interpreted as sales 

+See Comment Letters i n  PFES: 14, p. V.74-1; 38, pp. VI.38-203 t o  -211; and 

pr ice i n  the marketplace. See Table 111 E-1. 

available, usually from surface . d r i l l i n  
**Reserves represent uranium i n  known deposits f o r  which detai led information i s  

-, 55 pp. VII.55-4 to  -7. / \  
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that  the ERDA estimates are low because they are based largely on knowledge of 
producing areas and known geologically favorable areas, which collectively occupy 
only a small fraction of U.S. land area. 
will reveal economic uranium resources sufficient t o  support a growing non-breeder 
nuclear power industry well i n t o  the next century. On th is  basis, i t  i s  further 
argued the the LMFBR could be developed a t  a more leisurely pace, or perhaps 
could even be by-passed by a1 ternative technologies now under development. 

I t  is  postulated that further exploration 

The issue that  has been raised is highly speculative, because no hard information 
exists to  support  the postulation o f  abundant, relatively low cost uranium resources 
i n  the U.S. beyond those ,included i n  the ERDA estimates. 
insufficient information exists t o  permit a confident projection of the ultimate 
availabil i ty of low cost uranium resources i n  the U.S. 

By the same token, however, 

2. The National Uranium Resource Evaluation ( N U R E )  Program 

In view of the need to better understand the long-range prospects for  expanded 
domestic uranium supply, ERDA i s  carrying out programs to more completely assess 
domestic resources and t o  improve technology for  discovery, assessment, and 
production of  these resources. The basic elements i n  the ERDA resource program 
are i l lustrated i n  Figure I11 E-1. 

Knowledge on known uranium occurrences will be augmented by gathering and generating 
new data by use of surface, aer ia l ,  subsurface and remote sensing techniques. This 
will allow improved estimates i n  known areas and identification of other areas 
where known types and postulated new types of deposits may exist .  Infonnation 
developed from these act ivi t ies  will routinely be made available to industry for  
development of the i r  exploration and mining programs. Industry effor ts  will 
generate additional data which will also be used by ERDA i n  continuing resource 
studies. An important part of this  strategy is  research and development to 
improve the technology involved i n  a l l  aspects of uranium discovery, assessment, 
mining  and milling. 

ERDA uranium raw materials budgets to carry out this program are increasing. 
FY 1974, expenditures were around $2 million. 
to around $6 million, and a $14 million program i s  budgeted for  FY 1976. 
increases are expected. 

In 
In FY 1975, the budget increased 

Further 

Two act ivi t ies  underway to generate new data systematically are the aerial 
radiometric reconnaissance program and the national hydrogeochemical survey. 
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Features of the airborne program are highlighted i n  Figure I11 E-2. This program 
involves some 741,000 line miles of aerial surveys to  be flown on an average line 
spacing of five miles, utilizing gama ray spectrometric techniques. 
generated are being made publicly available upon the completion of individual 
projects. 

Data 

The hydrogeochemical survey features are listed i n  Figure I11 E-3. 
systematic national survey of the uranium and associated trace element content o f  
surface and underground waters and stream sediments. I t  will involve the National 
Laboratories, universities, state agencies, and the U S .  Geological Survey. Data 
generated will provide a means of identification of areas of favorability, 
particularly when coupled w i t h  other available data .  

T h i s  is  a 

The ERDA programs involve a con t inu ing  review of the uranium resource si tua t ion ,  
analysis of the activities and success of industry and their relation t o  the 
desirable resource levels needed i n  the years ahead t o  assure adequate uranium 
supplies t o  meet the country's needs. 
information to government and industry. 

The program i s  geared t o  providing 

3. Results from the MURE Program t o  Date 

The potential uranium resources estimated as a result o f  the National Uranium 
Resource Evaluation program thus fa r  are shown i n  Table 111 E-1. 
stem from the project areas for  which surveys were completed as of the end of 
1975 (Figure 111 E-4). These areas constitute the most favorable known areas 
in the United States. However, a number of areas i n  the West and most of the 
East remain t o  be assessed. 
uranium resources i s  most complete i n  the western states, partfcularly in and 
around the known uranium m i n i n g  districts. Much additional information will be 
required before a reliable assessment of the rest of the country can be made. 

These estimates 

Information prov id ing  a basis for evaluation of 

Relative t o  the resource estimates a t  the beginning of 1974 (see Table 6A.l-2, 
PFES Volume 111), current estimates are about  a million tons of U308 higher. 
is interesting t o  note t h a t  most of the additional potential is  attributed t o  
non-sandstone deposits, as shown i n  Table I11 E-2. 
uran ium reserves as of January 1 ,  1975 i s  lower t h a n  the estimate a t  the 
beginning of 1974. 
from 277,000 t o  200,000 tons. 
inflationary effects of the past few years, b u t  reevaluation based on new da ta  
also contributed t o  the decrease. 

I t  

Also,  the assessment o f  U S .  

A large reduction occurred in the $8/lb. category, a reduction 
The primary reason i s  a reevaluation t o  reflect the 

The uranium removed from the $8 cateqory larqely 
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GOAL - COMPLETE AIRBORNE RADIOMETRIC SURVEY OF US., INCLUDING ALASKA, ON WIDE-SPACED FLIGHT LINES, BY 1-1-80, TO 

AID I N  IDENTIFYING FAVORABLE AREAS. 

PROGRAM - TOTAL LINE MILES FLOWN - CONTERMINOUS U.S., 600,000; ALASKA, 100,000 

FLIGHT LINE SPACING - 2-12 MILES: AVERAGE 5 MILES 

ALTITUDE - 200-800 FEET ABOVE GROUND LEVEL, OPTIMUM 400 FEET 

SYSTEMS - COMPUTERIZED HIGH-SENSITIVITY GAMMA-RAY SPECTROMETRIC AND MAGNETIC DETECTORS, MOUNTED IN FIXED-WING 
AND ROTARY-WING AIRCRAFT OPERATED BY PRIVATE FIRMS 

OUTPUT - RADIOMETRIC EQUIVALENT OF URANIUM, THORIUM, AND POTASSIUM, AND MAGNETIC CHARACTERISTICS OF ENCLOSING 
ROCK, STATISTICALLY EVALUATED BY GEOLOGIC UNITS 

DATA HANDLING 
Y 
I 
M 

PUBLICATION - OPEN FILE UPON COMPLETION OF EACH SURVEY rn 
tJl 

SUMMARIZED DATA BANK - LOS ALAMOS SCIENTIFIC LABORATORY 

TENTATIVE SCHEDULE 

FISCAL YEAR NO. AREAS LINE MILES 

1974-75 7 44,000 
' 1976 13 81,000 

1977 22 171,000 
1978 43 245,000 

40 200,000 1979 

125 741,000 
- 

AERIAL RADIOMETRIC RECONNAISANCE PROGRAM 
Figure 111 E-2 



GOAL - A SYSTEMATIC DETERMINATION OF THE DISTRIBUTION OF URANIUM AND ASSOCIATED TRACE ELEMENTS I N  SURFACE AND UNDERGROUND 
WATERS AND I N  STREAM SEDIMENTS IN THE U.S., INCLUDING ALASKA, TO IDENTIFY AREAS FAVORABLE FOR URANIUM MINERAL 
OCCURRENCE. 

PAR TI  CI PANTS: 

NATIONAL LABORATORIES; UNIVERSITIES; STATE AGENCIES; U.S.G.S.; E.P.A. 

OPERATING PARAMETERS: 

c 
U 
n 

SAMPLE SPACING - 10 SO. MI. (WIDE AREA) - 1/2 SO. MI. (DETAILED) DEPENDING ON GEOLOGIC HOMOGENEITY OF AREA. 

ANALYSIS - FIELD CONCENTRATION OF ELEMENTS FROM WATER; MEASUREMENT OF CONDUCTIVITY AND PH; 
DETERMINATION OF SPECIFIC ELEMENTS. 

DATA TREATMENT - STATISTICAL ANALYSIS. 

DATA INTERPRETATION - RELATE ANOMALY DATA TO GEOLOGIC ENVIRONMENTS. 

OUTPUT - AREAS OF FAVORABILITY; OPEN-FILING OF MAPS AND DATA; NATIONAL DATA BANK. rn 
QI 

TENTATIVE SCHEDULE: 

FISCAL YEAR - 1975 - LITERATURE SEARCH AND LIMITED R&D. 
1976 - PILOT STUDIES; STATISTICAL METHODS DEVELOPMENT; STAFFING. 

1977-1979 - LARGE-SCALE SURFACE AND SUBSURFACE SAMPLING; DATA ANALYSIS, INTERPRETATION 
AND REPORTING. 

STUDIES IN PROGRESS OR UNDER NEGOTIATION: 

ERDA SAVANNAH RIVER LAB.; PENN STATE UNIVERSITY; ALASKA DEPT. OF MINERAL RESOURCE 

HYDROGEOCHEMICAL SURVEY 
Figure I11 E-3 
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Table I11 E-1 

ESTIMATED U. S. URANIUM RESERVES AND POTENTIAL RESOURCES, December 31, 1975 

Tons U308 

Potenti  a1 

Res e rve s Probab 1 e Possible Specul a t i  ve Total 

$1 0 315,000 440,000 420,000 145,000 1,320,000 

$10-15 Increment 105,000 21 5,000 255,000 145,000 720,000 

675,000 290,000 2,040,000 

$15-30 Increment 180,000 405,000 595,000 300,000 1,480,000 

$30 600,000 1,060,000 1,270,000 590,000 3,520,000 

$15 420,000 655,000 

By Product* - - - 1975-2000 90,000 90,000 
2000-2020 150,000 150,000 

a40,ooo 1,060,000 1,270,000 590,000 3,760,000 

* By-product o f  phosphate and copper production. 
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Table I11 E-2 
POTENTIAL RESOURCES I N  NON-SANDSTONE AREAS 

TONS U308 

VEINS 

VOLCANICS 

PROBABLE POSSl BLE SPECULATIVE 

62,000 

32,000 

120,000 

325,000 

80,000 

- 

TOTAL 

262,000 

357 .ooo 

INTRUSIVES 18,000 36,000 40,000 94,000 

LIGNITES 16,000 2,400 10,000 28,400 

LIMESTONES . 

TOTAL (ROUNDED) 

15,000 2,500 10,000 27,500 

143,000 486,000 ?40,000 769,000 



s t i l l  ex is ts ,  bu t  i t  i s  no longer i n  the $8 cost category. 
marked reductions occurred i n  the $10, $15 and $30 reserve categories. During the 

year, whi le  some 13,000 tons o f  U308 were added t o  reserves, about 12,600 tons 
were mined and shipped t o  m i l l s .  

S imi la r  but less 

For i t s  study o f  resources, ERDA subdivided po ten t ia l  resources i n t o  three 
categories: probable, possible, and speculative, t o  r e f l e c t  the varying nature o f  
the estimates depending upon the spec i f i c  s i tua t ion .  Probable resources are those 
contained w i t h i n  favorable trends l a rge ly  del ineated by d r i l l i n g  data w i t h i n  known 
productive uranium d i s t r i c t s .  
t i c s  o f  a formation are known from d r i l l i n g  o r  outcrop data, and quant i ta t i ve  
estimates o f  po ten t i a l  resources are made by considering the s ize o f  the favorable 
areas and by comparing the geologic charac ter is t i cs  w i t h  those present i n  the areas 
w i th  ore deposits. 

I n  t h i s  s i tua t ion ,  favorable geologic characteris- 

Possible po ten t i a l  resources include those s i tua t ions  tha t  are outside o f  i d e n t i f i e d  
mineral trends bu t  which are i n  formations and geologic provinces tha t  have been 
productive. Speculative resources are those estimated t o  occur i n  formations o r  
geologic provinces which have no t  been productive bu t  which, based on the evaluation 
o f  ava i lab le  geologic data, are considered t o  be favorable f o r  the occurrence o f  
uranium deposits. There i s  inherent  uncer ta in ty  i n  these estimates, rmch more so 
f o r  the speculat ive than the probable po ten t i a l .  

4. Prospects f o r  Resolving the  Issue 

It i s  expected t h a t  a systematic and comprehensive evaluation o f  a l l  o f  the coterm- 
inous United States and Alaska can be accomplished by 1980. There are no i l l u s i o n s  
t h a t  t h i s  evaluation, now i n  progress, w i l l  reveal the u l t imate  a v a i l a b i l i t y  of 
uranium resources i n  the U.S., bu t  i t  i s  expected t o  make i t  possible, w i th  some 
reasonable degree o f  confidence, t o  place a p rac t i ca l  l i m i t  on the uranium t h a t  
could be discovered and produced from U.S. resources w i t h i n  the $30 category f o r  
the  balance o f  the century. The ra t i ona le  f o r  t h i s  expectation i s  as fol lows: 

1. Some uranium deposits which may e x i s t  i n  fac t ,  but  whose existence i s  
not revealed o r  suggested by the NURE program, may remain undiscovered 
inde f in i t e l y .  They w i l l  g ive no "s ignals"  t h a t  can be detected o r  
recognized by the explorat ion techniques developed up t o  the present 
time. 

n 
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2. Exploratory d r i l l i n g  by industry w i l l  almost surely be confined t o  
favorable areas, as presently known, o r  as revealed by the NURE program 
o r  as deduced by industry geologists. The sheer magnitude and cost o f  
d r i l l i n g  i n  other areas, and i t s  inordinately high r i s k  o f  fa i lu re ,  
essent ia l l y  assures tha t  d r i l l i n g  w i l l  not  be done i n  areas f o r  which 
there are l i t t l e  o r  no favorable indications. 

These considerations suggest t ha t  the NURE program can resolve the current issue by 
about 1980, no t  because i t  w i l l  have assessed the ul t imate resource a v a i l a b i l i t y ,  
bu t  rather because i t  w i l l  have provided a basis f o r  establ ishing a p rac t ica l  upper 
l i m i t  on the cumulative amount o f  urqnium t h a t  could be located and produced f r o m  
r e l a t i v e l y  high grade ores i n  the U.S. f o r  many years i n t o  the future. This i s  
a consideration which assumes t h a t  the NURE program w i l l  be reasonably e f f i c i e n t  i n  
f ind ing  those areas throughout the United States which have favorable o r  pos i t i ve  
indications, and w i l l  have, by 1980, g rea t ly  reduced the chance tha t  addit ional 
favorable areas w i l l  remain t o  be found. 

I11 E-11 



SECTION I11 F 

ADD IT I ON AL 
COST-BENEFIT ANALYSIS 

INFORMATION 



INTRODUCTION 

The cost-benefi t  analyses provided i n  the PFES have received extensive comnent by 
l e t t e r  (see Section V )  and during the Public Hearing held on May 27-28, 1975. The 
comments were t o  the e f f e c t  t ha t  the analyses: 

a) were too favorable t o  the LMFBR because they overestimated the 
po ten t ia l  energy demand; underestimated the cap1 t a l  cost  d i f f e r e n t i a l  ; 
u t i l i z e d  R&D costs tha t  were too law;  used in t roduc t ion  dates f o r  the 
breeder t h a t  were too early; and made estimates o f  uranium resources 
tha t  were too low and o f  uranium prices tha t  were too high. 
were too unfavorable t o  the LMFBR because they used too high a discount 
factor;  the uranium p r i ce  and separative work p r i ce  project ions were 
too low;  and estimates o f  uranium resources were too high, 
d id  not adequately t r e a t  the cost-benefi ts o f  a l te rna t ive  energy 
systems such as substantial use o f  solar energy subs t i t u t i on  fo r  
e l e c t r i c  space heating and cooling; g rea t ly  expanded use o f  geothermal 
energy and expedi ted development o f  fusion power. 

b) 

c )  

These issues were a l l  treated i n  the PFES (Sectian I1 o f  t h i s  document) i n  
Sections 11.1 and 11.2. 

1 The In te rna l  Review Board i n  i t s  Report t o  the Administrator reviewed the contro- 
versy (see Section I V  B, pps. I V  8-20 t o  -27) and stated: 

"The Board i s  wary o f  f a c i l e  attempts t o  resolve these areas o f  
controversy, dependent as they are upon fu tu re  events which are now 
more o r  less speculative. With regard t o  project ions o f  energy 
demand, i t  seems prudent t o  assume a moderate l eve l  o f  growth f o r  
planning purposes. This i s  so no t  because ERDA i s  canmitted t o  any 
pa r t i cu la r  growth scenario, b u t  simply because the penal t i e s  fo r  
underestimation are l i k e l y  t o  be f a r  more severe than those f o r  
overestimation. A program can be scrapped i f  i t s  need does no t  
become actualized. But the long lead times involved i n  research 
and development programs and p lan t  construction make i t r e l a t i v e l y  
d i f f i c u l t  t o  accelerate e f f o r t s  which have been held i n  abeyance 
pending an unmistakable confirmation o f  t h e i r  need. 

"With respect t o  uranium resources, the Board i s  impressed w i t h  the 
view o f  Dr. Stauffer t ha t  there i s  no r e l i a b l e  methodology by which 
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extrapolations can be made from known reserves .g' A1 though significant 
information can and no doubt  will be developed i n  advance of physical 
exploration, optimism beyond t h a t  reflected i n  the cost-benefit 
projections may be unwarranted a t  this time. 

"Due to  the vagaries of the manufacturing and construction industries, 
i t  seems equally perilous t o  speculate a t  this time on the capital 
cost question. We note t h a t  the PFES brackets these areas of 
uncertainty w i t h  sensitivity analyses indicating the influence of 
various assumptions upon the results. 
the bands of uncertainty and permit a more reliable verdict on the 
LMFBR economics. 

Future events will narrow 

" In  the interim, the Board finds t h a t  the PFES is  reasonably complete 
and sufficient for present decisionmaking. 

"The assumptions employed as t o  energy demand, uran ium supply and 
capital costs may eventually prove t o  be unrealistic and therefore 
reduce the calculated benefits. On the other h a n d ,  i t  would be risky 
t o  underestimate the advantages of the R D & D Program a t  this time. 
Indeed, the value of better information seems undisputed, and, as i t  
becomes available, the record should be supplemented and the course 
of the Program reevaluated. 

"The Board believes t h a t  while the final verdict on the economic 
costs and benefits of a comercial LYFBR industry must be lef t  t o  
the utility industry, ERDA must  reserve t o  itself the judgment as 
to whether the noninternal ized environmental costs, balanced against 
the net economic benefits of a prospective LMFBR industry warrant a 
continuation of the Program t o  the p o i n t  of commercialization. The 
present record i s  n o t  deemed t o  be ripe for  this determination." 

Recognizing t h a t  i n p u t  data  has changed significantly since the analyses presented 
i n  the PFES were performed, Section I11 F has been prepared t o  provide up-to-date 
cost-benefit analyses. Section I11 F.l provides additional material on the 
electric energy cost of substituting a1 ternative energy systems for nuclear 
power. This Section should provide the reader w i t h  a grasp of the economic costs 

2 -' Hearing Transcript, pages 399-401 .I' 

II 
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invo lved i n  such s u b s t i t u t i o n  and should he lp permi t  r a t i o n a l  est imates t o  be made 

as t o  t h e  r e l a t i v e  c o s t - b e n e f i t  r a t i o s  o f  such a l t e r n a t i v e s .  I n  add i t i on ,  a 
r e v i s e d  economic c o s t - b e n e f i t  ana lys i s  o f  t he  LMFBR has been prepared. 
PFES was publ ished, t he  bas ic  data which a f f e c t  the conclusions o f  t he  cos t -bene f i t  

analyses have changed s u b s t a n t i a l l y .  I n  p a r t i c u l a r ,  est imates of f u t u r e  e l e c t r i c a l  

energy requirements, f u t u r e  enrichment costs,  f u t u r e  uranium o r e  costs ,  f u tu re  
nuclear p l a n t  c a p i t a l  costs  and f u t u r e  R&D costs  have a l l  changed. 
f a c t o r s  have been used i n  r e v i s e d  cos t -bene f i t  analyses which are presented i n  

I 1 1  F.2.  

increase a t  a r a p i d  r a t e  s ince t h e  c a l c u l a t i o n s  were made f o r  t h i s  rev i sed  cos t -  
b e n e f i t  analys is .  

p r o j e c t i o n  i s  considered conservat ive.  
considered low even f o r  t h i s  r e v i s e d  study. 

Since the  

These updated 

Despi te t h e  f a c t  t h a t  updated data was used, uranium p r i c e s  cont inue t o  

The increase has been such t h a t  even the  h i g h  p r i c e  uranium 
Hence the LtlFBR b e n e f i t s  should be 
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I11 F.l 

11.1s ELECTPIC E N E W Y  COSTS FOR ALTERNATIVE POVEq SIIPPL!' SCENARIOS 

1. INTRODUCTION AND SIJWRRY 

This section concerns a cost comparison between the V . S .  e lec t r ic  power economy 
beins supplied i n  larqe p a r t  by a combination of solar ,  neothermal, orqanic waste 
and fusion power sources coupled w i t h  fossil and nuclear (L'JR and HTCR) power 
sources and a cmbination of solely fossil  and nuclear power sources referred t o  
as "conventional lo w i t h  LFlFBRs included. 
fusion power sources a r ?  referred to  as "alternative" (new technologv) power sources. 

The solar,  qeothermal , organic waste and 

Using the same techniques as i n  the revised LPFRR cost-benefit s t u d y ,  calculations 
were made for  two enerqy projections, desiqnated as low and base, for  the cost 
comparisons. 
corresponds t o  the projection used by Cochran, e t  a l .  i n  the paper "Bypassing the 
Breeder"* and the low enerclv projection i n  the revised LI'FBR cost-benefi t analysis. 
The base energy projection, 21.9 t r i l l i o n  Kwhr(e) by the year 2020, i s  similar t o  
the base enerqy projection uti l ized i n  the revised LMFBR cost-benefit analvsis. 
Hence, four  cases were calculated w i t h  each enerqy projection h a v i n q  two cases, one 
w i t h  and  another without the alternative power sources. The cases without the 
a1 ternati  ve power sources included the L W B R .  The cases w i t h  a1 ternative Dower 
sources included only those nuclear p l a n t s  t h a t  were oeeratinq, under construction 
o r  on order by Januarv 1 ,  1975. 

The low energy projection, 13.8 t r i l l ion  Kwhr(e) by the year 2020, 

In "Bypassing the Breeder" Cochran suqgested the foll  owinn scenario f o r  e lec t r ic  
enerqy qeneration i n  the year 2020, consistino mainlv of alternative enerny sources: 

Source Enerrrv 
Solar 5.5 t r i l l ion  kwhr(e) 
Geothe ma 1 1.7 t r i l l i o n  kwhr(e) 
Fusion 2.2 t r i l l i o n  kwhr(e) 
Organic llas tes 0.6 t r i l l i o n  kwhr(e) 
"Other Sources" 3.8 t r i l l ion  k w h r ( e )  
(mainly fossil  fuels) 

13.8 t r i l l i o n  kwhr(e) 

A projection of alternative capacity commitment was developed t o  correspond approx- 
imately t o  Cochran's enerqy scenario. 
apply t o  the basic enerqv projection. 
Table I11 F-1. 

A correspondinq projection was developed t o  
These capacitv projections are shown i n  

I t  is  noted t h a t  the capacitv projections for alternative Dlants 

n 
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Table I11 F-1 
CAPACITY PROJECTIONS FOR "ALTERNATIVE" PLANTS 

Year Operating Capacity, GW: 

Geothermal Solar Oqani  c Fus i on 
Waste (CTR) 

A. Base Energy Projection 
1980 lo  -- 6 -- 
1990 58 2 29 -- 
2000 228 290 87 -- 
201 0 628 731 89 199 
2020 783 1068 89 1309 
2025 783 1156 89 1849 

B. 
1980 lo -- 6 -- 
1990 43 2 29 -- 
2000 95 290 88 
201 0 164 71 3 88 177 
2020 21 5 1068 88 5 87 
2025 149 1140 88 772 

Low Energy Projection (Cochran Scenario) 
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fo r  both enerqy projections for  solar and fusion and the base enemy proiection 
for  geothermal are much lamer  than projected by ERDA i n  1975. 
h i g h  projections of Cochran were accepted t o  examine the cost effect  of possible 
uti l ization of alternative power sources as a ful l  substftute for nuclear. 

Ho1,lever, these 

In the cost calculations all  alternative plants were assumed t o  be base-loaded. 
Any additional capacity required to  meet proiected power demands was assumed t o  be 
supplied by fossil  plants (base-load and load-followino plants) except for  those 
nuclear plants now i n  operation or  committed fo r  operation bv 1985. 

I n  a l l  cases the "conventional" plants considered were the nuclear power plants 
described i n  the revised LMFBR cost-benefit studv and the fossil plants ( w i t h  costs 
updated t o  1975) described i n  the LMFBR Proqram Proposed F i n a l  Environmental 
Staterrlent (PFES) cost-benefit study. The t r ea tmen t  of conventional plant ut i l iza-  
tion differed from t h a t  i n  the revised LMFBR cost-benefit s t u d y  in t h a t  (1) effects 
o f  fossil  plants were considered, and (2 )  both base-load and load-follawinq plants 
were included i n  the calculations. I n  other  respects cost data and ground rules 
were selected t o  conform as closely as possible t o  those used i n  the revised LMFBR 
cost-benefi t study. 

In each case the total cost o f  U.S. e lec t r ic  enerqy mneration from 1975 throuah 
2025 was calculated and discounted a t  10% per year t o  1975. 
involvinq alternative energy source scenarios, qeneration costs were obtained which 
were considerably h ighe r  than the correspondinq cases assurninq conventional sources 
w i t h  the LMFBR. These costs were also considerably a"ove costs of corresnondino 
cases i n  the revised LMFBR cost-benefit studies, w i t h  or w i t h o u t  assumed avail- 
abi l i ty  of the LMFBR. 

For the two cases 

I n  the case of the Cochran (low enerqy) scenario, the discounted power cost was 
calculated to  be $389 bil l ion: for  the correspondinq scenario usincl the base enercly 
projection, costs were calculated a t  $432 bil l ion.  The corresnondina costs assuming 
use of conventional plants were, respectively, $314 bil l ion and $343 bil l ion.  
discounted cost penalty associated w i t h  the alternative sources i s  about $89 bill ion 
for the base energy projection and about 875 bil l ion for the low energy projection. 
The costs are shown i n  F i g u r e  F-1. 

The 
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ELECTRICAL ENERGY GENERATION COSTS, 1975 - 2025 

DISCOUNTED AT 10%/YR TO 1975 
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*Alternatives Include Solar, Geothermal, Organic Waste and Fusion 

**Conventional Includes Fossil (Coal) and Nuclear (LWR and HTGR) 

POWER COST SUMMARY: ALTERNATIVE VERSUS CONVENTIONAL POWER SYSTEMS 
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n 
2. "ALTERNATIVE" PLANTS 

Four categor ies o f  a l t e r n a t i v e  p l a n t s  were considered i n  t h e  study, w i t h  charac- 
t e r i s t i c s  as descr ibed below. Plants  comnit ted p r i o r  t o  1990 were assumed t o  be 

r a t e d  a t  1300 MWe capaci ty;  p l a n t s  i n s t a l l e d  i n  o r  a f t e r  1990 were taken as 

2000 MWe. 

Economic data f o r  these p lan ts  was f o r  t h e  most p a r t  expressed i n  1974 d o l l a r s .  
To conver t  these data t o  1975 d o l l a r s  i n  conformance w i t h  t h e  rev i sed  LMFBR cost -  
b e n e f i t  study, esca la t i on  f a c t o r s  o f  9.5% were app l i ed  t o  c a p i t a l  costs,  and of 
6% t o  operat ing and maintenance costs.  

A .  Geothermal p lan ts  were assumed t o  be in t roduced i n  t b e  l a t e  1970's. 
t h e  low energy (Cochran) scenar io,  they were assumed t o  increase i n  
capaci ty  t o  215 GW i n  2020, dropping t o  148 GW i n  2025. 
consider ing t h e  base energy p r o j e c t i o n ,  capaci ty  was assumed t o  Increase 
t o  about 783 GW i n  t h e  2020-2025 per iod.  The p r o j e c t i o n s  f o r  t h e  "low" 
energy scenar io  a re  i n  general agreement w i t h  t h e  capaci ty  goals  g iven 

i n  "The Na t ion ' s  Energy Future.  

For 

For t h e  case 

II 3 

Cap i ta l  and opera t i ng  costs  o f  t h e  geothermal p l a n t s  were based on 

est imates i n  t h e  P r o j e c t  Independence B l ~ e p r i n t . ~  A u n i t  c a p i t a l  cos t  
o f  $712/KWe i n  1974 d o l l a r s  was assumed; t h i s  i s  t h e  mid-range va lue o f  

$562-862/KWe g i ven  i n  the  B luep r in t ,  and assumes t h e  major source o f  
geothermal energy der ives f rom hydrothermal , 1 i q u i  d-dominated rese rvo i r s .  
No s c a l i n g  o f  u n i t  c a p i t a l  costs was assumed f o r  d i f f e r e n t  capaci ty  

r a t i n g s .  Cost s c a l i n g  does n o t  appear appropr ia te f o r  these p l a n t s  
because o f  probable costs o f  steam c o l l e c t i o n  systems f o r  l a r g e  u n i t s .  
The c a p i t a l  costs were escalated t o  $780/kWe f o r  expression i n  1975 
do l  1 a rs  . 

Operat ing costs were s e t  a t  2 m i l l s / kwhr (e ) ,  (2.12 m i l l s / kwhr (e )  i n  1975 

d o l l a r s )  based again on in format ion f rom t h e  P r o j e c t  Independence Blue- 
p r i n t .  Based on p lan ts  operat ing a t  100% capac i t y  f a c t o r ,  an a r b i t r a r y  
d i v i s i o n  o f  2/3 f i x e d  costs  and 1/3 v a r i a b l e  costs was assumed. (See 

and v a r i a b l e  costs . )  

aspects o f  t h e  use o f  geothermal 

Table I11 F-3 f o r  d e f i n i t i o n s  o f  f i x e d  

Technical , economic, and environmental 
energy are discussed i n  d e t a i l  i n  Sect 

I11 F-8 

on 6A.4 o f  t h e  PFES. The assumptions 



o f  capacities and costs used herein are i n  anreement w i t h  the PFES 

discussion. 

B. Solar energy converters were assumed t o  be introduced i n  the early 199O's, 
increasing i n  capacity t o  about  890 GW i n  2020. 

5 greater than can be inferred from the NSF/NASA Solar Energy Panel Report, 
b u t  is i n  line w i t h  the Cochran scenario. 

T h i s  penetration is 

The solar energy contribution would presumably consist of a mix of thermal- 
conversion, photo-voltaic, ocean-thermal, and wind energy systems, b u t  w i t h  
thermal-conversion and photo-voltaic beinq the dominant solar  conversion 
systems. Cost estimates fo r  solar-to-electric conversion are hirrhly 
uncertain because the technology is no t  well developed. Estimates by 
Subpanel IX,6 which provided i n p u t  d a t a  t o  the renor t  on "The Nation's 
Energy F u t u r e , "  indicates costs of $1300-2500/KWe (averaqe) fo r  thermal - 
conversion and photo-voltaic systems. 
sufficient enercry storage t o  allow solar enerov plants t o  onerate as 
firm power sources. 
estimates would increase by several hundred dollars per kilowatt. Never- 
theless,  for  purposes of this study, the optimistic assumption was made 
that solar conversion plants w i t h  sufficient enemy storacle t o  n e n i t  
base load operation could be constructed fo r  $1500/K\.le (average) -- or ,  
i n  1975 dollars, $1643/KWe (average). This cost, derived from the above 
sources, some o f  which are relatively old are, however, i n  the ranqe of 
new cost estimates under preparation by E R D A .  

T h i s  estimate does no t  account for  

If sufficient enerqy storaae were included, the above 

Annual operatinct and maintenance costs were taken as 2% of the capital 
investment. 

7 by EPPI  as 0 & M costs fo r  solar plants. 0 & M costs were a r b i t r a r i l y  

divided as 5/6 fixed costs, 1/G variable costs (based on 100% plant 
factor) .  

These costs agree closely w i t h  the 3 mills/kwhr(e) estimated 

Aspects of solar energy uti l ization are discussed i n  detail i n  
Section 6A.5 of the PFES. 

C .  Organic waste burners were assumed to  f i r s t  come on line i n  the mid-lQ70's, 
t o  penetrate t o  a capacitv o f  78 GI' by the year 2000, and t o  hold a t  t h a t  
capacity t h r o u q h  the year 2025. The on-line capacity of these plants was 
assumed t o  be limited by the availabil i ty of collected urban  oroanic 
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wastes, as discussed on paqes 6A.6-13 and 11.1-21 of the PFES. No attempt 
was made t o  f ac to r  i n  bio-mass contr ibut ions from aauacultone and fo res t ry  
residues. 
value i n  "Bypassinq the Breeder. 'I 

Energy generation from this source aorees w i t h  Cochran's proposed 

Organic waste-burning p lan ts  were assumed t o  have cap i t a l  and operat ina 
costs  comparable t o  those o f  a coal-burnino Dower plant  w i t h  no desul- 
fur iza t ion  equipment. 
1975) f o r  a 1300 Mb!e p lan t ,  and $265/KWe ($290) f o r  a 2000 MWe plant .  
Fixed 0 & M cos ts ,  f o r  1300 and 2000 M14e plants  were estimated a t  $6.6 
and $8.8 mill ion per year  i n  1975 dol la rs  and var iable  0 & M costs  (100% 
plant  fac tor )  were $10.5 and $14.1 mill ion per year  i n  1975 dol la rs .  The 
cap i ta l  and 0 & M cos ts  f o r  these p lan ts  were furnished by Hol i f ie ld  
National Laboratory usina the same methods as were used f o r  plant  
cap i ta l  and operat ing cos ts  provided f o r  the PFES. 

Capital  costs  were estimated a t  $291/KWe ($319 i n  

Organic wastes used as  fuel i n  these p l a n t s  were assumed t o  b e  a v a i l a b l e  
f r e e  of charge. However, an addi t ion of 10% o i l  as suuplemental fuel was 
assumed t o  be needed t o  maintain good combustion. A t  $ l l / b b l  and an 
assumed heat r a t e  of 10,000 b t u / k w h r ( e ) ,  this resulted i n  a net fuel cos t  
of 1.87 mills/kwhr(e).  

D. Fusion p lan ts  were assumed t o  becow avai lab le  sho r t ly  a f t e r  the year 
2000 and t o  penetrate  the power supply rap id ly ;  about 590 @le were assumed 
t o  be on line by the year  2020 f o r  the low enerqy proiect ion.  Enerny 
generation from these p lan ts  i n  the year  2020 is  somewhat a r e a t e r  than 
t h a t  suggested by Cochran. 

Since the s c i e n t i f i c  f e a s i b i l i t y  of fusion reactors  has ye t  t o  be 
demonstrated, there is  l i t t l e  bas i s  f o r  es t imat ino capi ta l  and operat ino 
cos ts .  
Wisconsin 
AEC study (WASH-1239) estimated the cos t  of a CTR t o  be about $500/Kble. 
For purposes of this study, fusion reactors  were assumed t o  produce 
power a t  a cos t  equivalent t o  the average power cos t  of nuclear p lan ts  
over the span from the years  2000 t o  2020, calculated f o r  Case 3 ( t h e  
base LMFBR case) of the PFES cost-benefi t  study. 
costs  (Tables I11 F-2 and I11 F-3) were chosen consis tent  w i t h  those 
power cos ts .  Net fuel cos ts  were assumed t o  be zero. I t  should be noted 

A preliminary est imate  by Kulcinski and Conn of the University of 
8 indicated t h a t  a 1500 MInle CTR m i q h t  cos t  $900-1000/M~le. An 

9 

Capital and operatinq 
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that the assumed capital cost of $445/KWe i s  somewhat lower t h a n  the 
estimates cited above. Escalation o f  capital and 0 ,% M costs t o  1975 
dollars resulted i n  a CTR power cost equivalent t o  t h a t  of the LMFBR. 

Consideration o f  the use o f  CTR systems is discussed i n  Section 69.1.6 o f  
the PFES. 

Capital costs assumed for  the alternative plants are sumnarized i n  
Table I 1 1  F-2, oDeratinq and maintenance costs are shown i n  Table 
I 1 1  F-3. 
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TABLE 111 F-2 
CAPITAL COSTS ASSUMED FOR CONVENTIONAL AND ALTERNATIVE PLANTS 

(Costs i n  mid-1974 d o l l a r s )  

P lan t  Type 1300 Mble 2000 MWe 
$/KWe $lo6 $/KWe $ lo6 

LWR 
HTGR 
LMFBR 

1993 
2000 

2006 
F o s s i l  ( coa l )  
Geothermal 
Solar  
Organic Waste 

Fusion (CTR) 

460 598 
460 598 

380 494 
780 1014 
-- -- 
319 41 5 

(none considered) 
(none considered) 

-- -- 
506 1012 
4E0 9 20 
346 69 2 
780 1560 

1643 3286 
290 580 
487 9 74 

TABLE I11 F-3 

OPERATING AND MAINTENANCE COSTS ASSUMED FOR CONVENTIONAL AND ALTERNATIVE PLANTS 
(Costs i n  m i l l i o n s  o f  mid-1974 d o l l a r s  per year)  

P lan t  - 1300 Mlde 2000 MWe 
Fixed* Variable** Fixed* Var iable** 

LWR 
HTGR 
LMFBR 
F o s s i l  ( coa l )  
Geo therma 1 
So la r  
Organi c Waste 
Fusion (CTR) 

4.77 
4.74 
5.30 
7.51 

12.23 
-- 
6.6 
-- 

2.49 
2.49 
3.0 

16.87 
7.04 
-- 

-- 

(none considered) 
(none considered) 
6.50 3.68 

10.15 25.99 
15.72 10.82 
53.19 10.5 
8.83 14.07 
7.45 2.57 

*Fixed costs a re  f o r  s t a f f ,  f i x e d  maintenance, fees, and admin is t ra t ion.  
**Var iable costs  are f o r  v a r i a b l e  maintenance, suppl ies,  and miscellaneous. For 

coal  p l a n t s  they a l s o  i nc lude  limestone, ash, and s l u r r y  d isposal .  
costs a re  based on a 100% capaci ty  factor.  

Var iab le O&M 
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3. RESULTS OF CALCULATIONS 

Levelized power costs were ca lcu lated f o r  the a1 t e r n a t i v e  plants, assuming these 
p lants  had the same base-load c h a r a c t e r i s t i c s  assumed f o r  base-loaded p lants  i n  the 
rev ised LMFBR cost -benef i t  study. 
annual capacity f a c t o r  by the end of the second year fo l lowing s tar tup,  and t o  
remain a t  72% through i t s  15th year o f  l i f e ;  thereaf ter  the capaci tv  fac to r  
decreased l i n e a r l y  t o  50% a t  end o f  i t s  30-vear l i f e .  The averaqe l i f e t i m e  

capacity f a c t o r  w i t h  t h i s  assumption i s  65.9%. 

Each i n d i v i d u a l  p l a n t  was assumed t o  reach 72% 

A. 

B. 

P 1 an t  Power Cost Comparisons 

The ca lcu lated power costs are shown f o r  post-1990 (2000 MWe) plants, i n  
Figure I 1 1  F-2. 

(using $35/1b uranium) , LMFBRs, and c o a l - f i r e d  p lan ts  (using 83tlMBTU 
f u e l ) .  
the a1 t e r n a t i v e  plants, on ly  the capaci ty- l imi  ted  organic waste 

converters and the advanced CTR system -- which are n o t  pro jected t o  
a t t a i n  s i g n i f i c a n t  on- l ine capacity u n t i l  the 2010-2020 area -- are 
seen t o  be cost-competit ive w i t h  conventional power p lan ts  considered i n  
the PFES cost -benef i t  study. 

Also shown on the same f igure  are t y p i c a l  costs fo r  LWRs 

Based on ava i lab le  estimate!; f o r  costs o f  b u i l d i n g  and operat ing 

Power System Composition: Cases Considered 

Calculat ions concerned two e l e c t r i c a l  pro ject ions,  as p rev ious lv  mentioned: 
the base and low pro ject ions f o r  the rev ised cost-benefi  t study, b u i l d i n g  
t o  21.9 t r i l l i o n  kwhr(e) and 13.8 t r i l l i o n  kwhr(e) respec t ive lv  i n  the 
year 2020. 
a1 t e r n a t i v e  power sources were ca lcu lated which considered the c o n t r i -  
butions to electric energy supplied by both base-loaded and load-follower 

plants. Deta i l s  o f  the method o f  ca lcu lat ion,  and the  assumptions 
involved, are provided i n  Section 11 o f  the  PFES, and i n  the  descr ip t ion  

o f  the rev ised LMFBR cos t -benef i t  study included i n  t h i s  supplement. 

For each energy pro jec t ion ,  two cases w i t h  and w i thout  

Figure I 1 1  F-3 ind icates the mix o f  p l a n t  types f o r  the case i n v o l v i n g  
the a l t e r n a t i v e  power sources w i t h  the base energy pro ject ion;  the 
corresponding mix f o r  the  low energy p r o j e c t i o n  i s  shown i n  Figure 111 F-4. 

Results o f  the a l t e r n a t i v e  case ca lcu lat ions,  which were summarized 
i n  Figure I 1 1  F-1, are shown i n  more d e t a i l  i n  Table 111 F-4, w i t h  
comparable conventional p l a n t  cases. 

._ 
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Case X-1, a base-energy alternative power source case considerina both 
base-loaded and load-follower plants, is directly comparahle to  Case 1,  
which considered competition among nuclear and fossi l  plants under similar 
conditions. Case 1 ,  i n  turn, i s  similar to  the base case for  the 
revised LMFBR cost-benefit study b u t  includes load-follower plants and 
allows competition among nuclear and fossi l  plant types, 

Cases X-2 and 2 are the corresponding caSes for  the low energy projection. 
Case X-2 i s  the Cochran scenario. 

Cases 3 and 4 were r u n  t o  check the validity o f  comparison of the 
alternative cases w i t h  those considering only conventional plants. 
these cases, conventional plants were allowed to  compete economically 
w i t h  the alternate sources. In these cases. the only alternative 
plants selected for  introduction were the organic waste burner and ,  
l a te  i n  the s tudy ,  the CTR generator. 
conventional cases were not sianificant.  

In 

Cast differences from a l l  

T h e  al ternative cases. on the o ther  hand,  i n d i c a t e d  e lec t r ic  power 
costs 25% t o  30% higher than for the correspondinq cases includina only 
conventional plants. These cost increases were consistent for both  
energy projections, and discounted cost tabulations taken t o  intermediate 
years show a continuous divergence of costs from the date of al ternative 
sources introduction. 

W i t h  "negative benefits" of this magnitude, i t  i s  d i f f i c u l t  t o  conceive 
that the alternative power sources will be incorporated i n  large 
quantities into the U.S. electrical  power economy unless costs of the 
developed plants are markedly different than projected i n  this analysis. 

, \  
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Table I 1 1  F-4 
POWER COST COMPARISONS: ALTERNATIVE VS . CONVENTIONAL SYSTEMS 

(Costs i n  b i l l i o n s  o f  dollars (1975-2025) discounted a t  10% t o  1975) 

Case No. Energy Demand Plants Considered costs Compared cost 
With Case Difference 

1 

x1 

2 

x2* 

3 

4 

Base 

Base 

LOW 

LOW 

Base 

LOW 

Conventional 343.2 -- 
New Technology 432.0 1 

Conventional 314.0 -- 
New Techno1 ogy 388.6 2 

A1 1 

A1 1 

339.9 1 

311.5 2 

88.8 

74.6 

-3.3 

-2.5 

~~~~~ - 

*Case X2 i s  the Cochran scenario 
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I 1 1  F.2 

11.2s A REVISED ECONOMIC COST-BENEFIT ANALYSIS OF THE LIQUID METAL FAST BREEDER 
REACTOR PROGRAM 

1. INTRODUCTION 

In December 1974, the U.S .  Atomic Energy Commission issued the Proposed Final 
Environmental Statement (PFES) for the Liquid Metal Fast Breeder Reactor (LMFBR) 
Program.’ This comprehensive statement, contained an analysis of the probable 
development o f  the nuclear power economy to the year 2020 (see Section 11 of the 
PFES). 
the relative economic competitiveness of the LMFBR have changed. In particular, 
estimates of future electrical energy requirements, future uranium enrichment 
costs, future uranium ore costs, future nuclear plant capital costs and future R&D 
costs have all changed. In view o f  this, the nuclear energy economy has been 
reanalyzed to more accurately determine the costs and benefits role of the Liquid 
Metal Fast Breeder Reactor. The entire analysis was also placed in perspective by 
viewing the nuclear energy economy in terms o f  the total U.S. energy situation 
over the next fifty years. 

In the period since that analysis was prepared, the basic data which affect 

Numerous studies and statements analyzing and discussing the role of the LMFBR in 
the nuclear energy economy have been It 
is hoped that a comprehensive analysis utilizing the most recent data will clarffy 
the principal issues regarding the economic feasibility of the LMFBR. 

in the past twelve months. 

In this study, the new data was utilized in a model of the nuclear power economy 
based on the linear programming technique in an analogous manner to the analysis 
performed in the PFES. 
to minimize the cost o f  energy over the planning horizon. This method of analysis 
is capable of providing straightforward conclusions about the economic feasibility 
of the LMFBR. The analysis showed that society will gain substantially by the 
development o f  the LMFBR. 

The objective function of the linear program was designed 

Q 

Q 
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2. SUMMARY OF RESULTS 

The do l l a r  benef i t  and the development cost  associated w i t h  the introduct ion o f  the 
LMFBR are sbwn i n  Figure 111 F-5 f o r  a 1993 LMFBR introduct ion f o r  base assumptions. 
The benef i t  i s  simply the reduction i n  t o t a l  power cost over the planning horizon 
from 1975 t o  2025 obtained by introducing the LMFBR, w i th  future costs properly 
discounted using present value analysis. With a 1993 LMFBR introduction, the devel- 
opment cost* o f  the LMFBR program i s  approximately 6 b i l l i o n  do l la rs  while the 
benef i t  i s  52 b i l l i o n  dol lars, where both values are discounted a t  a r a t e  o f  7.5%. 
Uhen discounted a t  a r a t e  o f  l W ,  the development cost* i s  approximately 5 b i l l i o n  
do l la rs  whi le the benef i t  i s  19 b i l l i o n  dol lars.  I n  e i ther  case, the benef i t  i s  
substant ia l ly  greater than the development cost. The development cost  i s  r e l a t i v e l y  
insensi t ive t o  the discount r a t e  since t h i s  cost i s  incurred ear ly i n  the planning 
period. The benefi t ,  on the other hand, i s  accrued i n  the l a t t e r  par t  o f  the period, 
and hence i s  very senstt ive t o  the discount rate. An ind ica t ion  o f  the s e n s i t i v i t y  
o f  the benefi ts t o  the discount r a t e  can be obtained by noting tha t  the benef i t  would 
be about one t r i l l i o n  do l l a rs  a t  a zero-discount rate. The undiscounted cost o f  
e l e c t r i c  energy i s  reduced by about 85 b i l l i o n  do l la rs  per year i n  the year 2020 
alone. 

The benef i t  i s  due pr imar i l y  t o  the lower nuclear f u e l  cost obtained by introducing 
the LMFBR--in part icular,  by the reduction i n  the requirements f o r  uranium ore and 
separative work. These reductions a r e  i l l u s t r a t e d  i n  Figure 111 F-6. Without the 
LMFBR, the cumulative U308 requirements t o  the year 2025 i s  5.5 m i l l i o n  tons, while 
w i t h  the LMFBR, the cumulative U308 requirement i s  3.0 m i l l i o n  tons. Furthermore, 
without the LMFBR, U308 w i l l  continue t o  be mined a t  an ever increasing rate, whi le 
with the LMFBR, the annual ore requirement becomes Ins ign i f i can t  a f t e r  the year 2025. 

Separative work requirements are also shown i n  Figure I11 F-6. Without the LMFBR, 
an annual separative work capacity o f  263 m i l l i o n  separative work un i t s  (SWU) per 
year w i l l  be required i n  the year 2025, whi le w i th  the LMFBR, the maximum separative 
work requirement w i l l  be only 73 m i l l i o n  SW/year. It i s  worthwhile t o  mention tha t  
the current separative work capacity i n  the U.S. i s  only 17 m i l l i o n  SWU/year. With- 
out the LMFBR, separative work requirements continue t o  increase w i th  time, w i th  the 
LMFBR, the maximum annual separative work requirement o f  73 m i l l i o n  SWU/year i s  
obtained i n  the year 2005, and separative work requirements decrease continuously 
beyond tha t  time. The time dependence o f  the annual separative work requirement and 
the cumulative U308 requirement are shown i n  Figure I11 F-7. 

%The development costs do not include residual construction costs f o r  the ear ly 
LMFBRs which may be required t o  br ing them i n t o  economic p a r i t y  w i th  LWR's I n  that  
time frame. See Section 1.3 discussion on cap i ta l  costs. 
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Finally, nuclear fuel costs i n  the year 2025 are shown i n  Figure I 1 1  F-6. Without 
the LMFBR, the weighted-mean fuel cycle cost for  the LWR will increase t o  5.6 mills/ 
k w h r ( e ) ,  while the fuel cycle cost for a uranium-fueled LWR will increase t o  
8.6 mills/kwhr(e) i n  2025. The weiqhted-mean fuel cycle cost i s  lower because i t  
includes the effect  of plutonium recycle. 
was assumed to be introduced i n  1981. Currently, nuclear firel costs are about 
2.8 mills/kwh for a uranium-fueled LWR. Note that the price increases discussed 
above are real-i .e. ,  exclusive of inflation. With the LMFBR, on the other hand, 
the weighted mean LWR fuel cycle cost will be stabil ized a t  about 2.9 mills/kwhr(e), 
while the LMFBR fuel cycle cost will be about, 0.4 mills/kwhr(e). Indeed, i t  i s  just 
this difference i n  fuel cycle costs that is directly responsible for  the LMFBR 
benefits . 

Throuqhout this study, plutonium recycle 

The time dependence of the total  power costs i n  the nuclear industry i s  shown i n  
Figure I11 F-8. For comparison, the total power cost of a coal-fired plant is  also 
shown. The cost of coal was assumed t o  be $25/ton i n  1975, and coal was assumed 
t o  experience a real price increase of l%/yew thereafter. As a consequence, the 
total power cost for  a coal-fueled plant i s  abou t  17 mills/kwhr(e) i n  1975, and this 
increases t o  about 22 mills/kwhr(e) i n  2025. 
decrease as the nuclear industry matures, i .e . ,  as plutonium recycle is introduced, 
and as u n i t  costs for reactor construction, fuel fabrication, and fuel renrocessinq 
decrease. However, w i t h o u t  the LMFBR, nuclear power costs ultimatelv beoin t o  
increase as the industry i s  forced t o  mine the lower qrade uran ium ores. In the 

233 year 2020, nuclear power costs for  an LWR-HTGR economy w i t h  plutonium and I 1  
recycle are rising a t  the real rate of 1 mill/kwhr(e) every 5 years. 
plutonium and U233 recycle, nuclear power costs i n  the year 2020 will be several 

Nuclear power costs, on the other hand, 

k l i t h o u t  

mills/kwh higher and will be r i s i n g  fas ter .  W i t h  the LMFBR, the supply of Dlutonium 
increases w i t h  time, and as a consequence, nuclear power costs fa l l  quite rapidly 
around the year 2000 a f t e r  an i n i t i a l  rise i n  the 1980s due t o  risinq U308 prices. 
Nuclear power costs remain constant thereafter since the basic fuel for  the nuclear 
industry is  an increasing supply of plutonium, rather t h a n  a diminishing supply 
of U308. 

The effect  of a delay i n  the LMFBR program is shown i n  F igure '  I11 F-9. 
the discounted (7.5%) electrical  energy cost to the nation increases a t  the rate of 
about 3 bil l ion dollars per year of delay. Note also that a delay i n  the in t ro -  
duction date f o r  the LMFBR beyond 1993 will r e q u i r e  over 3 million tons of 
U308 t o  be mined. 
that the low-grade Tennessee shales be mined. 

Note that 

As a consequence, a delay substantially past 1993 will require 
Finally, note t h a t  separative work 
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INCREASE I N  ELECTRICAL 
ENERGY COST (109 $ 
DISCOUNTED AT 7-1/2%) 

0 
20 
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TO 2025 (106 TONS) 
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CAPACITY ( 1 0 6  SWU/YR) 

1.8 3.0 
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40 

3.7 

45 73 116 

NO LMFBR 

72 

5.5 
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requirements increase by about 5 million SWUlyear per year of delay. This almost 
staggering increase i n  the required enrichment capacity may be the most compelling 
argument fo r  the ear ly  development of the LMFBR. 

A nuclear industry growth pattern that might be considered typical of those obtained 
i n  this study is  shown i n  F igu re  I11 F-10. T h i s  figure shows the reactor construc- 
tion rate  as a function of time throughout the planninq horizon. Note that the LWR 
is the primary power plant through the 1980's and in to  the 1990's. However, the 
LMFBR i s  being b u i l t  a t  an ever increasing r a t e  i n  the l a t e  199O's, and i t  becomes 
the predominant power plant a f t e r  the year 2000. An LMFBR without a blanket, {.e., 
a plutonium burner, emerges i n  the decade following the year 2010, and consumes the 
surplus plutonium from the LMFBR's. 

The number of LMFBR's constructed prior t o  the year 2000 as a function of the LMFBR 
introduction date is  shown i n  Table I11 F-5. As the table shows, the LMFBR--if 
introduced early--can contribute significantly toward meetinq the demand for  energy 
i n  t h e  U.S. i n  the year 2000. I f  introduced i n  1987, t h e  LMFBR could supply 1.9 
t r i l l i o n  kwhr  of e l ec t r i c i ty ,  and could also reduce the rate  of consumption of 
depletable fuel supplies by 16 quads*/year i n  the year 2000. An energy source, as 
defined i n  A National Plan fo r  Energy Research, Development, and D e m o n ~ t r a t i o n , ~ ~  
will have a moderate impact i f  i t  can supply between 0 and 4.5 quads/year i n  the 
year 2000. 
supply between 4.5 and 9.0 quadslyear i n  the year 2000, and i t  will have a major 
impact i f  i t  can supply more than 9.0 quads/year. Thus,  the LMFBR--if introduced 
early--would have a major impact on the U.S. enerqy situation i n  the year 2000. 

Likewise, an energv source will have a substantial impact i f  i t  can 

Table I11 F-5 

ENERGY CONTRIBUTION OF THE LMFBR IN THE YEAR 2000 

Introduction Date 
$987 1993 2000 

LMFBR Installed Capacity i n  
2000 - Cbve 
LMFBR Fraction of Installed 
Nuclear Capacity i n  2000 

30 8 76 0 

0.34 0.08 0.00 

Electrical Energy Production Rate 1.9 
by LMFBR's i n  2000 (1012 kwh) 

0.5 0.0 

Thermal Energy Production Rate 
by LMFBR's i n  2000 (quads/yr) 

16 4 0 

%A quad i s  equal t o  1015 BTUs. 
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Also, as i n  the PFES LMFBR cost-benefit study, calculations were made t o  test the 
combined effects of coincident changing of two or more of the following major para- 
meters; energy demand projection, LMFBR capital cost differential, LMFBR introduction 
date and uranium price projections. 

Introduction of the breeder i n  year 1987 results i n  only one case where the 
discounted benefits are below estimated development costs. This occurs a t  the 10% 
discount rate when the uranium price projections are low, the energy demand is low, 
and the LMFBR capital cost is high .  The 10% discounted benefits for this case are 
about 1 billion less than the projected discounted development costs. However, a t  
a 7.5% discount rate the breeder benefits for  this case are about twice the dis- 
counted projected breeder development costs. 
prices, h i g h  energy demand projection and base LMFBR costs the breeder benefits are 
about $150 billion. Breeder benefits are many times breeder development costs for 
most cases. 

For the combination of h i g h  uranium 

When t h e  breeder i s  introduced i n  1993, there are a few cases where t h e  benefits 
are about equal t o  the development costs and they are associated with high capital 
costs and low energy demand, using the 7.52 discount rate. The cases with either 
base assumptions or with conditions that induce greater breeder benefits than w i t h  
the base assumptions have discounted breeder benefits that are many times the 
discounted development costs. The discounted breeder benefits range up t o  about 
$98 billion. A t  the 10% discount rate the discounted breeder benefits are less 
t h a n  the discounted breeder development costs when the energy demand projection i s  
low and the LMFBR capital cost is high. 

I t  i s  only w i t h  introduction of the breeder i n  the year 2000 t h a t  there are cases 
where the breeder benefits are much less t h a n  development costs a t  a discount rate 
of 7.5%. I t  again requires the energy demand projection to be low and the LMFBR 
capital costs t o  be high .  The benefits are less than development costs for  both 
the base and low uranium price projections. Due t o  the late introduction of the 
breeder the difference i n  uranium consumption between the breeder and no breeder 
cases has decreased considerably, hence, the breeder benefits are much less 
sensitive t o  uranium price projections. A t  the 10% discount rate the net benefits 
for year 2000 introduction are negative for  five of the eighteen cases reported. 
One case i s  associated w i t h  base LMFBR capital costs and low energy demand projec- 
tions. The other cases are a l l  associated w i t h  h igh  LMFBR capital costs and either 
low energy demand and low uranium price projections. Even w i t h  a year 2000 LMFBR 
there are many cases where the discounted benefits are many times the discounted 
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breeder development costs. The benefits range up to about $57 billion and for base 
assumptions (other than year of introduction) they are $32 billion and $12 billion 
for 7.5% and 10% discount rates respectively, 

Since the publication of the PFES there has been a large increase in the market 
place price for uranium and there is no indication of a leveling off in uranium 
prices. Prices of $25 to $40 per pound of U308 are the most recent (Oct. 1975) 
quotes for near term deliveries. These prices are not attained In the base 
projection of uranium prices in this revised study until after the turn of the 
century and only shortly before the turn of the century for the high uranium price 
projection. Hence, if uranium prices were adjusted to more accurately reflect 
todays uranium prices the benefits would improve for all cases. 
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3. THE U.S. ENERGY SITUATION 

Let us f i r s t  consider the historical energy production trends i n  the U.S., as shown 
i n  Figure I11 F-11. I t  can be seen t h a t  total U.S. energy production has grown 
a t  the remarkably constant rate of about 2.7%/year over the past 75 years. 
wise, electrical energy production has grown a t  the remarkably constant rate of 
about 7.0%/year over the past 55 years. The fact that electrical energy is growing 
a t  over twice the rate of total energy is due simply to the substitution of one 
form of energy for another. The means by which this energy was produced, i.e., the 
production by primary source, i s  shown i n  Figure I11 F-12. As the figure shows, 
natural gas and oil produced 76% of the to t a l  energy and 33% of the electrical 
energy in the U.S. in 1974. 

Like- 

A question of vital importance t o  the nation is whether the resource base i n  the 
U.S. is adequate t o  maintain this d i s t r i b u t i o n  of production in the future. The 
estimated fuel resource base available i n  the U.S. for future energy production 
i s  shown in Figure I11 F-13. The resource base, i n  this case, was defined as the 
quantity of energy available a t  three t o  four times current prices. Since this 
analysis i s  oriented toward long-range energy system forecasting, suppose the size 
of any resource i s  measured by the following criterion: a resource will be 
considered large i f  i t  is capable of meeting the U.S. energy requirement t o  the 
year 2000 by i tself;  otherwise, i t  will be considered small. Assuming a continua- 
t ion of the 2.7%/year growth rate for total energy, the U.S. will consume 2700 quads 
between 1975 and the year 2000. If the growth rate were reduced t o  zero i n  the next 
few years, the U.S. would s t i l l  consume about 1900 quads over the same time span. 
With either assumption, Figure I11 F-13 shows t h a t  the supply of oil and natural gas 
is  small. The amount of coal i s  large, provided the coal-bearing regions i n  the 
western states are strip-mined. Although the amount of energy available from the 
L i g h t  Water Reactor (LWR) i s  small, the amount of energy available from the LMFBR 
i s  very large. Furthermore, the energy available from the LMFBR exceeds the amount 
required t o  take the U.S. t o  the year 2000 by a factor of about 50. 

I t  is  important for  energy resource p lann ing  t h a t  the resource base available for 
the production of electricity, i.e., coal and uranium, is  large, while the resource 
base available for the production of 1 iquid fuel, i .e., o i l ,  is  small. As a conse- 
quence, oil should be conserved i n  the future for those applications for which i t  
i s  uniquely suited, while electrical energy produced by coal and uranium should be 
substituted for energy produced by oil wherever possible. 
for electrical energy may n o t  diminish in the future; i n  fact, i t  may increase. 

Thus, the growth rate 
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The importance of maintaining an adequate supply of energy a t  a reasonable price 
should not be underestimated. Energy i s  a s  Important t o  an industrial society as 
any of the classical  economic i n p u t s  such a s  land, labor, and capital .  In f ac t ,  
energy production, economic growth, and employment are  closely coupled, as Figures 
I11 F-14 and I11 F-15 show. 
his tor ical ly  between the growth r a t e  of energy and the real growth rate  of the Gross 
National Product (GNP). 14-16 The growth r a t e ,  i.e., the fractional change from year 
t o  year, has been plotted rather than the absolute magnitude of either enerqy con- 
sumption or  GNP.  T h i s  i s  because we are  interested i n  the effect  of a change i n  one 
variable upon a change i n  the other, rather than i n  a ser ies  of quasi-equilibrium 
states .  
ra tes ,  and conversely. Since the r a t e  of unemployment can be related to  changes i n  
the GNP, one m i g h t  expect t o  find a correlation between the energy growth rate  and 
the unemployment ra te .  Such a correlation does i n  f ac t  exis t ,  and i t  is shown i n  
Figure I11 F-15. l 6 , l 7  Note tha t  h i g h  energy growth rates  are correlated w i t h  low 
unemployment r a t e s  i n  this country, and conversely. 
effect  between energy, GNP, and unemployment changes may not be known, it i s  also 
clear  t ha t  a severe and rapid reduction i n  the energy growth could imply a severe 
economic d i s 1 oca t i on. 

Figure I11 F-14 shows the relationship which has existed 

Note that  h i g h  energy growth r a t e s  a re  correlated w i t h  h i g h  GNP growth 

While the precise cause and 
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4. THE STATUS OF THE LMFBR 

Contrary to  the thrust of the arguments of some conmentors, the L iqu id  Metal Fast 
Breeder Reactor is no t  an embryonic technology w i t h  a high degree of uncertainty. 
The basic principles were developed i n  the ear l ies t  days of nuclear power. The 
technical feas ib i l i ty  was f i r s t  proven i n  the U.S. nearly 25 years ago w i t h  the 
operation o f  EBR-I, while EBR-I1 has been operat ing successfully for  12 years. 
Furthermore, large LMFBR power plants are under construction or i n  varying stages of 
design i n  Great Britain, France, Germany, U.S.S.R., Japan, and the U.S.--i.e., i n  
the major industrial nations of t h e  world. The status of the principal LMFBR 
projects i n  these countries is shown i n  Table I11 F-6. 
that  technical feas ib i l i ty  is  not  the problem; the goal of the major industrial 
nations is obviously t o  construct and operate large power plants. For this reason, 
the LMFBR should no t  be confused w i t h  power sources such as solar and fusion, which 
are i n  an ear l ie r  stage of development. 

I t  is evident from this table 
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Table I11 F-6 

STATUS OF MAJOR LMFBR PROJECTS 

Approximate Power 
Country Name (Wt) (me)  Status 

U.S .S.R. BN-350 
BN-600 
BN-1500 

1000 
1470 
3750 

150+Process 
600 

1500 

France PHEN I X 563 250 
c( SUPER PHENIX 3000 1200 
c1 
Y 

7 

P 
0 Great PFR 559 248 

B r i t a i n  CFF 2900 1160 

Ge many SNR-300 

SNR-2 

736 282 

3000 1200 

C r i t i c a l i t y  achieved i n  1972 
Construction i s  almost f in ished 
Currently being designed 

Reached f u l l  power 3/13/74 
Construction scheduled t o  

begin i n  1975 

C r i t i c a l i t y  achieved i n  1974 
Construction may begin about 1978 

Commercial operation scheduled 

E a r l y  stages o f  design 
f o r  1979 

Japan MON JU 71 4 300 Target c r i t i c a l i t y  date i s  1980 

U.S. FTR 
CRBR 

400 
975 

--- 
350 

Scheduled f o r  completion i n  1978 
Scheduled f o r  completion i n  1983 



5. MODEL CHARACTERISTICS, INPUT DATA, AND ASSUMPTIONS 

The model used t o  analyze the nuclear energy economy i s  based on the mathematical 
technique o f  l i n e a r  programming. This i s  an established technique, and i s  of ten 
used t o  analyze e c o n o m i ~ ~ ~ ~ ~ ~  and energy system forecasting prcblems. 
The model functions as follows. Within the model, power plants compete w i th  each 
other f o r  a share o f  the market based on t h e i r  cap i ta l  cost, f ue l  cost, and fue l  

supply. The model u t i l i t i z e s  t h i s  competit ion t o  select  a growth pattern which 
minimizes the t o t a l  energy cost over the planning horizon. This technique has the 
advantage o f  always producing growth patterns consistent w i th  the cost assumptions. 
The basic tenet o f  t h i s  model i s  t h a t  the u t i l i t i e s  are s u f f i c i e n t l y  informed so as 
t o  always d is t ingu ish  the power p lan t  w i th  the lowest t o t a l  power cost, and tha t  the 
vendors are s u f f i c i e n t l y  competit ive so tha t  the plant w i th  the lowest cost w i l l  
always s e l l  f o r  the lowest price. Thus, the minimum cost nuclear industry growth 
pattern i s  developed, and any deviat ion from t h i s  pattern w i l l  r e s u l t  i n  higher 
nuclear energy costs. 

2,12,21-24 

A l l  analysis i n  t h i s  repor t  was performed i n  constant dol lars.  Thus, the calculated 
changes i n  energy costs are real--i.e., I n  addi t ion t o  general movements i n  wages 
and prices. 

A. The Discount Rate 

Dol lar  benef i ts obtainable from the LMFBR are quoted a t  two discount rates: 7.5% 
and 105;. The discount r a t e  which should be employed i n  a long-range energy fore- 
casting study has been i n  dispute. Manne and Stauffer have advocated lower 
discount rates, whi le Cochran and Rice” have advocated higher discount rates. 
Since the resu l t s  o f  any long range forecasting study are qu i te  sensi t ive t o  the 
discount rate, a discussion o f  the subject i s  appropriate. 

2 3 
5 

3 Some economists are o f  the opinion tha t  the discount r a t e  employed i n  energy 
forecasting studies theo re t i ca l l y  should be tha t  r a t e  which measures the time 
preference o f  society. That I s ,  i t  should r e f l e c t  the degree t o  which society 
favors a re tu rn  today over a re tu rn  i n  the future. The use o f  such a r a t e  would 
characterize the optimal growth path f o r  the economy, 1.e.. society would be 
exact ly compensated f o r  the a c t  o f  saving. GIven per fec t  cap i ta l  markets, It 
has been shown t h a t  the re tu rn  on p r i va te  cap i ta l  w i l l  equal the return on long- 
term government bonds, and both w i l l  equal the ra te  o f  social t ime preference--i.e., 
the wi l l ingness o f  society t o  save.22 However, such things as la rge  government 
investments i n  money markets, the i n a b i l i t y  o f  economic u n i t s  t o  borrow and loan 
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a t  ident ical  rates, and the corporate income tax, a l l  render capital markets 
imperfect. Because o f  this, government bond rates w i l l  tend to  be lower than the 
opportunity cost o f  money, and l ikewise the return on pr ivate capital w i l l  tend 
to  be higher. 

I n  spi te o f  the d i f f i c u l t y ,  there has been some attempt to  determine a discount 
rate f o r  publ ic investments. Stockfish, i n  an attempt to measure the opportunity 
cost o f  government investment, found the before-tax average return on pr ivate 
capital to be lZ.0%.23 Af ter  discounting f o r  i n f l a t i on ,  he obtained 10.4%. 

The return on long-term government bonds forms the minimum lower bound f o r  the 
correct discount rate. This i s  current ly about 6.5%, and when discounted f o r  
in f la t ion,  a value o f  4.0% i s  obtained. 
investments be evaluated wi th  a discount ra te equal to the average o f  the 
government and pr ivate  return^.'^ Thus, fol lowing t h i s  suggestion, a discount 
rate o f  about 7% would be appropriate. 

I t  has been suggested that public 

The optimum rate of growth requires that  investment be undertaken a t  a ra te such 
that  the increased output, resul t ing f r o m  an addit ional do l l a r  o f  investment i n  
productive capacity, precisely equals the willingness o f  society to  invest i n  
such capacity. This i s  known as the marginal product o f  capi ta l  and i s  i n  
essence the ideal discount rate. The studies discussed above are attempts to  
obtain a discount rate from the average product o f  capital.  I n  general, because 
o f  diminishing returns to capital,  the marginal product o f  capi ta l  i s  less than 
the average product. Hence, a discount ra te calculated f r o m  the average product 
o f  capi ta l  w i l l  tend to  be too high. Considering both the imperfection o f  
capital markets and the dif ference between the average and marginal product o f  
capital,  i t  should be apparent that  the correct discount ra te i s  not t r u l y  
measurable; i t  can only be estimated and a range established. The arguments 
outl ined previously suggest a value o f  7% wi th  a range o f  4.0% t o  10.4%. The 
use o f  discount rates on the high side o f  t h i s  range w i l l  r esu l t  i n  a level o f  
saving less than that  which society has revealed i t  prefers, while the use o f  
rates on the low side would resu l t  i n  an excess o f  saving. Thus, the use o f  
rates i n  the center of the range seems most appropriate. I n  th i s  study, discount 
rates o f  10% and 7.5% were used. 
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B. 

A forecasting study which evaluates a long-range energy development strategy 
requires estimates of future costs,  demands, and ava i l ab i l i t i e s .  
estimates were required f o r  future e lectr ical  energy requirements, future uranium 
enrichment costs,  U308 cost  versus supply estimates, and future nuclear plant 
capital  costs. 

Basic Input Data and Assumptions 

In this study, 

1. Estimated Electrical Enerqy Requirements 

The current annual e lectr ical  energy demand i n  the U.S. is about 2.0 
t r i l l i o n  kilowatt-hours, and the historical  ra te  of increase has been 
about 7%/yr f o r  a period of 55 years. 
trend was not assumed to  continue--all estimates of future electrical  
energy requirements were based on a declining growth rate .  T h u s ,  the 
forecasts used i n  this study are  i n  no way contingent upon a continua- 
t ion of the long-term historical  growth pattern. 

In this study, however, this 

The projected electr ical  energy growth patterns used i n  this analysis are 
shown i n  Tables 111 F-7 and 111 F-8. As the tables show, three basic 
growth patterns were assumed. The small energy growth pattern assumes an 
e l ec t r i c  energy requirement of 7.0 t r i l l i o n  kilowatt-hours i n  the year 
2000. T h i s  i s  based upon an assumed electr ical  energy growth r a t e  o f  
5.3%/yr i n  the f i r s t  decade (1975 to  1985) and 2.6%/yr i n  the l a s t  decade 
(2015 to  2025), w i t h  an average growth r a t e  of 4.l%/yr over the f ive 
decade interval.  
the e lectr ical  energy requirement, and the installed nuclear capacity is  
625 Gwe. The reference energy growth pattern assumes an electrical  energy 
requirement o f  about 8.1 t r i l l i o n  kilowatt-hours i n  the year 2000. T h i s  
i s  based upon an assumed electr ical  energy growth r a t e  of 5.9%/yr i n  the 
f i r s t  decade and 4.6%/yr i n  the l a s t  decade, w i t h  an average growth r a t e  
of 5.2%/yr over t h e  f i ve  decade interval.  
plants supply 67% of the electr ical  energy requirement, and the installed 
nuclear capacity is  900 Gwe. The large electr ical  energy growth pattern 
assumes an electr ical  energy requirement of 9.6 t r i l l i o n  kilowatt-hours 
i n  the year 2000. T h i s  is based on an assumed electr ical  energy growth 
r a t e  of 6.7%/yr i n  the f i r s t  decade and 5.2%/yr i n  the l a s t  decade, w i t h  
an average growth r a t e  of 5.9%/yr over the f ive decade Interval. In the 
year 2000, nuclear plants supply 79% of the electr ical  energy requirement, 
and the installed nuclear capacity is  1250 Gwe. 

In the year 2000, nuclear plants supply about 53% o f  

I n  the year 2000, nuclear 
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Table 111 F-7 
PROJECTED ELECTRICAL ENERGY REQUIREMENTS 

(energy i n  10l2 kwh, capacity i n  b e )  

Energy 
Requ i remen t Production Category 1975 1985 2000 2025 

Small 

c( 
Y 
CI 

7 Reference 
P 
P 

Large 

Total E lec t r ic  Energy 
Nuclear Electric Energy 
Installed Nuclear Capacity 

Total Electric Energy 
Nuclear Electric Energy 
Ins ta l led  Nuclear Capacity 

Total Electric Energy 
Nuclear Electric Energy 
Ins ta l led  Nuclear Capacity 

2 .o 
0.2 

37 

2.0 
0.2 

39 

2.0 
0.2 

43 

3.4 
1 .o 

160 

3.6 
1.2 

195 

3.9 
1.5 

245 

7.0 
3.7 

625 

8.1 
5.4 

900 

9.6 
7.6 

1250 

15.6 
9.8 

1730 

27.5 
21.3 

3700 

37.6 
29.5 

51 40 



Table I11 F-8 

PROJECTED ELECTRICAL ENERGY GROKrH RATES 

Growth Rate (%) 

Energy Init ial  Flnal Average 
Requirement 1975-1 985 201 !5-2025 1975-2025 

Small 

Reference 

Large 

5.3 

5.9 

6.7 

2.6 

4.6 

!5.2 

4.1 

5.2 

5.9 

A number of studies i n  recent years have predicted electrical require- 
ments i n  the year 2000 which range from a ‘low value o f  about 2 t r i l l ion  
kilowatt-hours to a high value of about 10 t r i l l ion  kilowatt-hours. 
Note that the electrical energy requirement i n  the year 2000 i n  this  
study ranged from 7.0 to 9.6 t r i l l ion  kilowatt-hours, and so our values 
f a l l  w i t h i n  the established range. 
studies either assumed an increasing electrical energy price, or simply 
d i d  n o t  include price i n  their model. The model and some o f  the assump- 
tions used i n  each of these studies are indicated i n  Table I11 F-9. 

25-32 

Howeveir, w i t h o u t  exception, the other 

I t  is important to note that the LMFBR is  ii technological development 
which is capable of changing electrical energy production price patterns. 
This  is  simply because the LMFBR produces more fuel than i t  consumes, 
and so is capable of el iminat ing the dependence of the electrical energy 
economy upon depletable fuel supplies. T h e  introduction of the LMFBR 

ultimately results i n  an abundant fuel supply and as was shown In  
Figure I11 F-8, fall ing nuclear e lectr ic  power costs. Thus,  the substi- 
tution of electric energy for other forms of energy becomes an important 
consideration i n  analyzing future electric energy requfrements. 

Using the nuclear power cost pattern obtained from our forecasting 
study, we have calculated future electric energy requirements. T h i s  was 
accomplished w l  t h  an econometric model which. estimated future electrical 
energy requirements by.accounting for the real price of electricity,  the 
real price of a substitute>fuel, the change i n  the population, and the 
change i n  the GNP.32 The elast ic i ty  of electrical energy demand w i t h  
respect to each of these variables was computed using data from 1948 t o  

.. 
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Table I11 F-9 

FORECASTS OF ELECTRICAL DEMAND 

Annual 
El ec t r ic  i ty  
Price Change i n  2000 

Annual GNP Elec. Demand 

Source Type ( X )  ( t r i l l i o n  kwhrs) 

1. 

CI 
CI 
CI 

-n 

Q, 
P 2. 

3. 

4. 

5. 

6 .  

7. 

Ford Foundation (22) 

a. Historical 
(continua t'i on of h i  s to r  ical 
trends) 

b. Technical F i x  
(his to r i  cal , w i  t h  improved 
efficiency) 

c. Zero Energy Growth 

(extrapolation o f  recent trends) 
Federal Energy Administration (12,181 

Dupree-West (26) 

(27-29) Chapman, Tyrrell & Mount 

a. Slowly Rising Energy Prices 

b. Rapidly Ri s ing  Energy Prices 

Hudson-Jorgenson (30) 

Cornel 1 (31 1 

HEDL(3 * 

Input-output +3.45 t .81 7.96 

Input-output t3.30 +4.50 

Input -outpu t +3.30 +5.60 

Econometric N/A N/A 

Econometric t4.1 N/A 

Econometric +4.0 + .63 

Econometric +4 .o +3.33 

Input-output t3.85 +3.5 

Econometric 3.1 N/A 

Econometric 3.9 t o  1990 t1.0 to  1990 
3.4 t o  thereafter -1.0 thereafter 

7.60 

3.40 

5.54 

9.01 

3.45 

2.01 

6.98 

10.25 

9.5 



. . .. 

1974. An analysis of future energy demand was then made based on the 
following assumptions. First ,  the GNP will increase a t  a rate of 3.9%/yr 
t o  1990 and 3.4%/yr thereafter, the population will increase a t  the rate 
of l.O%/yr t o  1990 and O.7%/yr thereafter, the real price o f  a substitute 
fuel will increase a t  the rate of 4%/yr t o  1985 and 3%/yr thereafter, and 
finally, the real price of electricity will increase a t  the rate o f  1%/yr 
t o  1990 and will decrease a t  the rate of l.O%/yr thereafter. 
assumptions, none of which are unreasonable, the demand for electrical 
energy was found t o  be 9.5 t r i l l ion kilowatt-hours i n  the year 2000. 
Note t h a t  the 9.5 t r i l l ion kilowatt-hours corresponds quite closely to  
the large energy projection used in this study--implying t h a t  the 
reference energy projection should be considered to  be conservative. 

With these 

As the above discussion indicates, a projected electrical energy demand 
i s  inherently associated w i t h  a projected rate of change of population 
and GNP. Thus, the degree of conservatism i n  an  electrical energy 
requirement can be assessed by comparing the associated population and 
GNP projections w i t h  the historical values. 
i n  Figure I11 F-16. Four population growth rates are Considered in this 
figure-in the nomenclature of the Census Bureau they are: Series X,  E, 
D, and the historic rate.33 Series X assumes t h a t  the b i r t h  rate fa l ls  
t o  the replacement level immediately and remains there indefinitely. 
Series E assumes a transition toward a zero growth state i n  about 25 
years. Series D assumes a continuous growth a t  a rate less t h a n  the 
historic rate. As the figure shows, if the Series X predlction were 
correct and the GNP were t o  increase a t  a rate of 4.0%/yr, then the 
electrical energy requirement would be identical t o  the reference value 
used i n  this study. However, an increase i n  the GNP of 4,O%/yr is less 
than the historic rate of 4.25%/yr, and so the reference energy demand 
should be considered t o  be Conservative. 

Such a comparison i s  shown 

2. Estimated Uranium Enrichment Costs 
The uranium enrichment costs used i n  the study are shown i n  
Figure I11 F-17. The cost of enrichment was assumed t o  increase 
linearly from $50/SWU i n  1975 to  $75/SWU i n  1985, and to remain constant 
a t  $75/SWU thereafter. 
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3. BO8 Cost Versus Supply Estimates 

The estimates of the cost of U308 versus the cumulative supply used i n  
this study are shown i n  Figure 111 F-18. Three estimates were used: 
small, reference, and large. The small estimate corresponds t o  approxi- 
mately 2 million tons of U308 available a t  a cost less than  60 $/lb, the 
reference estimate corresponds t o  approximately 4 mill ion tons available 
a t  a cost less than 60 $ / lb ,  while the large estimate corresponds to  
approximately 6 million tons available a t  less t h a n  60 $/lb. The small 
estimate corresponds t o  approximately 2-1/2 mill ion tons of U308 available 
before the mining of shale is required, the reference estimate corresponds 
t o  approximately 4 million tons of U308 available prior to  the mining of 
shale, while the large estimate corresponds to  approximately 6 million 
tons of U308 available before shale must be mined. 

I t  should be noted t h a t  the U308 costs used i n  this study are substan- 
34 t ially less than  the prices currently being seen i n  the marketplace. 

For example, the Washington Pub1 i c  Power Supply System recently 
(August 1975) purchased 5.5 million pounds of  U308 a t  22 $/lb,35 and 
other recent purchases have been a t  higher prices. The reference supply 
curve used i n  this study would predict a current price of 14 $/lb. 
should be also noted that low U308 price estimates will favor the 
converter reactors, and thereby induce conservatism i n t o  an LMFBR analysis. 

I t  

The adequacy of uranium resources is  an important concern in assessing an 
energy development strategy. 
First, known reserves and reasonable assured resources, as indicated by 
point ( a )  i n  Figure I11 F-18, consist of about 0.6 million tons of 

'3'8. 
construction, or planned, have a total capacity of 216 Gwe, and these 
reactors will consume about 1.0 million tons of U308 during their 30 year 
operating 1 ife without plutonium recycle. Thus, currently planned con- 
sumption w i t h o u t  plutonium recycle exceeds known reserves and reasonably 
assured resources by about a factor of 1.5. Moreover, the U308 finding 
rate--expressed i n  pounds per foot of drilling--declined from 5 lb/ft i n  
1971 t o  about 1 lb/ft i n  1974. Thus, larger exploration efforts i n  recent 
years have resulted i n  smaller addi t ions  t o  reserves. 

In view o f  this, two polnts should be noted. 

36937 Secondly, the LwR's which are currently operating, under 

37 

In t h i s  analysis, i t  was found t h a t  the nuclear industry--without the 
LMFBR bu t  w i t h  plutonium recycle-will require 5.5 million tons of U308 
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prior t o  the year 2025. This assessment included the effect of increasing 
U308 prices on the relative competitive position o f  the LWR and HTGR. 
Thus ,  w i t h o u t  the LMFBR, 90% of the U308 required t o  the year e025 remaim 
t o  be found. If the LMFBR were introduced i n  1987, the nuclear industry 
would require approximately 1.8 million tons of U308 prior t o  2025, and 
only negligible quantities after that date. 
duced early--substantially reduces the risk associated w i t h  an uncertain 

Hence, the LMFBR-when intro- 

u3°8 

Finally, while the curves of U308 cost versus q u a n t i t y  may appear to be 
quite precise, i t  i s  important t o  note tha t  they are simply estimates. 
Most of the U308 shown in Figure I 1 1  F-18 has yet t o  be discovered. 

4. Nuclear Plant Capital Costs 

The nuclear power plant capital costs used i n  this study are shown in 
Figure I11 F-19. The costs are in 1975 dollars and are referred to  the 
year of start-up. 

The capital cost of an LWR was assumed t o  be 460 $/kwe pr io r  t o  1990, and 
405 $/kwe after t h a t  date. A plant size chanqe from 1300 h e  t o  2000 b e  
was assumed t o  occur i n  1990, and the capital cost chanqe was produced 
simply by this size chanqe. 

The LMFBR was introduced i n  1993 a t  a cost of 560 $/kwe, i.e., 155 $/kwe 
above the LWR. Thus,  a t  introduction, the LMFBR was assumed to  cost 38% 
more than  the LWR. 
t o  decrease t o  zero by the year 2006 via  the economies of scale associated 
w i t h  a size change, and also via  the classical learning effect. 
of 100 $/kwe was associated w i t h  the learninq process, i.e., the construc- 
tion of similar plants i n  a repetitive manner which increases efficiency 
and reduces u n i t  costs. A variation in which the LMFRR capital cost was 
assumed to always be a t  least 100 $/kwe above the LWR was also considered. 

The differential between the two plants was assumed 

A decrease 

The HTGR was introduced i n  1983 a t  a capital cost 65 $/kwe higher than the 
LWR. This differential was assumed t o  decrease t o  zero i n  6 years due to  
the learning effect. 
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The basis f o r  the capi ta l  cost projections, i n  par t icu lar  cost 
d i f f e ren t i a l s  between the power plant types, i s  provided i n  
Section 11.2.3.8.1 o f  the PFES. Hwever, due to the sens i t i v i t y  o f  the 
benefi ts t o  capi ta l  cost d i f ferent ia ls  i t  was decided i t  was appropriate 
t o  sumnarize i n  the fol lowing paragraphs the information i n  th i s  section. 

Examination o f  LWR cost trends indicate that  the pr ice o f  the nuclear 
steam system has remained re la t i ve l y  constant over the past several 
years, exclusive o f  escalation. This has occurred i n  spi te o f  the cost 
additions resul t ing from increased environmental and safety concerns. 
Thus, i t  i s  concluded that  the ef fects o f  learning and scale o f  industry 
operations i n  the manufacture o f  nuclear components have led to reductions 
i n  some areas o f  LWR plant costs. These reductions have, unfortunately, 
been o f f se t  by even larger cost increases ar is ing from environmental and 
safety-related requirements, which increased the scope o f  work involved 
i n  plant construction. I n  addition, general in f la t ionary cost trends 
have led t o  increasing current-dol lar costs. The continuation of these 

LWR trends i n t o  the future i s  uncertain. However, the LWR industry I s  
considered t o  have reached a re la t i ve l y  mature level. Current LWR cost 
estimates include a l l  presently implemented environmental and safety 
requirements and r e f l e c t  experience gained during the construction of 
about 37,500 MWe o f  nuclear capacity as o f  October 1, 1975. I n  addition, 
i t  i s  anticipated that  future changes required f o r  LWR plants w i l l  a f f ec t  
other nuclear plants i n  a s imi lar  manner, and some changes (e.g., thermal 
discharge l i m i t s )  would also a f fec t  f oss i l  p lant  costs. 

For purposes o f  the cost-benefit study, i t  was assumed that  any ef fects 
from contfnuing learning o r  design changes would make l i t t l e  change i n  
the re la t i ve  cost o f  LWR plants. 
o f  LWR plants may increase o r  decrease i n  the future, due to  escalation 
and the changing requirements discussed above. However, t h i s  assumption 
states the b e l i e f  that  those undefined changes w i l l  not a l t e r  the cost 
posi t ion o f  the LWR re la t i ve  t o  other plant types. Therefore, t o  provide 
a reference cost base, the projected LWR capi ta l  costs were based on zero 
learning beyond the plants being ordered f o r  operation i n  1981. Capital 
costs f o r  the other p lant  types were estimated re la t i ve  to th i s  reference 
base. 

It i s  recognized that  the absolute costs 

The estimate o f  a decrease o f  about $100/KWe i n  the d i f f e ren t i a l  between 
LWR and LMFBR capi ta l  costs due to learning i s  considered to represent a 
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conservative viewpoint. T h i s  learning takes place over a thirteen year 
period during which 241 units are placed i n  operation. The learning 
curve applicable t o  the LMFBR i n  this period results i n  a learning factor 
of about 95%. Thus, the learning curve assumed for  the LMFBR i s  
extremely conservative in comparsion w i t h  typical values of 80 t o  90% 
1 earning curves applicable to  many industries. This conservative approach 
i s  acceptable, since the learning curve being used here applies t o  reduc- 
tions i n  the cost differential for the LMFBR, and not t o  the total cost 
change 

In considering al l  factors and utilizing the expertise i n  the area of 
cost estimating developed a t  HNL/ORNL w i t h  some assistance from reactor 
manufacturers and an architect-engineer, i t  is the position of ERDA for 
this study tha t :  

(1) The LWR capital costs ( i n  1975 dollars) will remain fairly 
constant in the period 1975 t o  2020 for units of equal size 
and s i t i n g  conditions. 

(2 )  The HTGR capital costs will be rather close to  the LWR costs. 

(3) The LMFBR costs will show some reduction due t o  learning 
starting w i t h  i t s  introduction and a t  a rate which i s  
reasonable in terms of the number of units produced. 
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6 .  RESULTS 

The ro l e  of the LMFBR i n  the nuclear energy econany has been extensively studied 
u t i l i z i n g  an analytical forecasting model. The principal variables i n  the analysis 
were: 
introduction date. The introduction of an advanced power source w i t h  a zero fuel 
cost ,  such as a solar  or  fusion source, might be considered a f i f t h  variable. The 
e f f ec t  o f  changes i n  each of these f ive  variables will be discussed i n  t u r n .  

the energy demand, the U308 price, the LMFBR capital  cost ,  and t h e  LMFBR 

A total  of 65 cases were analyzed; t h e  resul ts  of 63 o f  these cases i n  which the 
energy demand, U308 supply, LMFBR introduction date,  and LMFBR capital  cost were 
varied, both individually and i n  combination, a r e  summarized i n  Table I11 F-10. 
The other two cases consider the impact of advanced power sources. 
the amount of U308 consumed t o  2025, the U308 price i n  2025, the maximum separative 
work capacity required prior t o  2025, and the dol lar  benefit  associated w i t h  the 
LMFBR a re  shown. 

In each case, 

The  benefit was calculated a t  two discount rates:  
tabulated i n  Table I11 F-10 a re  not equally probable. The basic data f o r  the 
reference case, i.e., 4 million tons o f  U308 a t  60 $/ lb ,  900 Gwe of instal led 
nuclear capacity i n  the year 2000, an LMFBR capital  cost i n i t i a l l y  a t  155 $/kwe 
above t h e  LWR and decreasing t o  parity i n  13 years,  was developed dur ing  the course 
of an extensive study and should be considered as defining the most probable case. 
However, since this data is not knawn w i t h  complete certainty,  a variation i n  any 
one of these variables from the reference value i s  of def ini te  interest .  Multiple 
variations,  i .e., doublet and t r i p l e t  variations,  a r e  a lso of i n t e re s t .  

7.5% and 10%. The 63 cases 

The same resul ts  are  displayed i n  a more elegant fashion i n  Fioures I11 F-20 
through 111 F-28. Figure I11 F-20 shows the benefits as a function of the energy 
demand and the U308 supply f o r  a 1987 LMFBR introduction. The benefits range from 
150 b i l l i on  dol lars  w i t h  a large energy demand and small ore supply t o  29 b i l l i on  
dollars w i t h  a small energy demand and large ore supply. 
benefits are  substantially greater than the development cost .  
benefits a r e  not very sensi t ive t o  the ore supply when the energy demand i s  low. 
T h i s  is  because the amount of ore consumed w i t h  a small energy requirement i s  
small. 
h i g h ,  b u t  i n  this case, the sensi t ivi ty  is inconsequential since the benefits are  
always large. 
ore supply fo r  a 1993 LMFBR introduction. The benefits range from 98 b i l l i on  
dollars t o  19 b i l l i on  dol lars ,  depending upon the ore supply and energy demand. 

In a l l  cases, the 
Note tha t  the 

The benefits are  more sensi t ive to  the ore supply when the energy demand is 

Figure I11 F-21 shws t h e  benefit as a function of energy demand and 
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Table 111 F-10 

LMFBR FORECASTING RESULTS 

tnergy 
Demand 
(Gwe o f  

u318 Supply i n s t a l l e d  Maximum 
LMFBR (10 tons o f  nuclear LMFBR U?On i n  2025 Separative Be e f i t  Benef i t  

In t roduc t ion  u308 ava i lab le  capaci ty  i n  Capi ta l  Quanti ty Pr ice  Work ( l og  $ (109 $ 0 
Case Date a t  60 $/#) year  2000) cost  (106 tons) ($/ # )  ( 1 06 SWU/yr 7.5%) 10%) 

1 
2 
3 
4 

none 
1987 
1993 
2000 

4 
II 

II 

II 

900 II 

I1  

11 

base 
II 

I1 

II 

5.5 
1.8 
3.0 
3.7 

100 
25 
40 
58 

263 
45 
73 

116 

- 
28 
19 
12 

72 
52 
32 

5 
U 6 

7 
TI 8 

9 
10 
11 
12 

U 
U 

VI 
v 

625 
I1  

3.0 
1.2 
2.0 
2.3 

40 
20 
25 
27 

115 
30 
48 
60 

none 
1987 
1993 
2000 

- 
31 
20 
13 

- 
13 
8 
5 

none 
1987 
:1993 
2000 

1250 
11 

I1  

11 

7.5 
2.5 
4.0 
5.1 

140 
32 
75 

100 

365 
63 

113 
166 

- 
113 

78 
48 

45 
28 
16 

13 
14 
15 
16 

17 
18 
19 
20 

900 
11 

II 

II 

5.5 
1.8 

150 
50 
75 

120 

none 
1987 
1993 
2000 

265 
45 
73 

116 

- 
94 
68 
41 

- 
37 
25 
15 

2.5 
3.7 

625 
11 

3.0 
1.2 

98 
25 
50 
50 

115 
30 
45 
62 

none 
1987 
1993 
2000 

- 
37 
25 
16 

15 
9 2.0 

2.2 5 

21 
22 
23 
24 

none 
1987 
1993 
2000 

1250 
I1  

11 

I1  

7.0 
2.5 
4.0 
5.1 

170 
75 

140 
150 

368 
63 

113 
162 

- 
149 
98 
57 

- 
59 
37 
19 



Table 111 F-10 

LMFBR FORECASTING RESULTS 
(cont ‘d)  

-~ ~ Energy 
Demand 
( h e  o f  

U308 Supply instal led Maximum 
LMFBR (106 tons o f  nuclear LMFBR u308 i n  2025 Separative Benefit Be e f i t  

Introduction U308 available capacity i n  Capital Quantity Work (109 $ @ (108 $ @ 
Case Date a t  60 $/#) year 2000) cost (106 tons) 7ijiy (106 swu/yr) 7.5%) 10%) 

base 5.5 50 263 - - 
1.8 22 45 59 24 
3.0 25 73 41 17 
3.9 30 113 24 9 

U I1 I1  

I1 I1 I1 

It I1 n 

25 none 6 900 
26 1987 
27 1993 
28 2000 

I1 I t  

I1 I1  I1  

I1  

I1  I1 11 

3.1 25 115 - - 
1.2 18 30 29 11 

I1 II 2.0 22 45 19 8 
2.4 24 59 12 4 

7.0 74 365 - - 
2.5 23 63 86 36 

I1  58 20 4.0 30 10 
5.2 50 162 35 12 

n 29 none 625 
30 1987 

7 31 1993 
ul 32 2000 

n 
n 

05 

I1 I1  

I1 U II 

I1 I1 

I1 

33 none 1250 
34 1987 
35 1993 
36 2000 I1 11 

37 1987 
38 1993 
39 2000 

4 
11 

I 1  

high 1.8 25 47 32 13 
2.8 40 75 24 9 
3.9 73 116 14 5 

I 1  II 

I1  I 1  

900 

I1  I1 

I1  I 1  I1 
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LMFBR BENEFITS VERSUS ENERGY DEMAND AND U3O8 
SUPPLY FOR A 1987 INTRODUCTION 

Figure I11 F-20 
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LMFBR BENEFITS VERSUS ENERGY DEMAND AND U308 
SUPPLY FOR A 1993 INTRODUCTION 

Figure 111 F-21 
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Again, the benefits are always significantly greater than the development cost. 
Similar results are shown i n  Figure I11 F-22 for a year 2000 introduction. Note 
t h a t  the benefits are very sensitive t o  the introduction date, and since the 
benefits are simply the discounted reduction i n  total power cost, a delay of the 
LMFBR will substantially increase electrical power costs. Thus, the argument t h a t  
delaying the LMFBR will not reduce benefits nor increase power costs5’11 Is simply 
incorrect. The delay effect i s  illustrated more explictly in Figures I11 F-23 and 
I11 F-24, where the benefits are plotted f i r s t  as a function of the introduction 
date and the ore supply, and secondly as a function of the introduction date and 
the energy demand. 
benefits by a factor of two t o  three. 

In each case, delaying the LMFBR from 1987 t o  2000 reduces the 

The effect of a h i g h  LMFBR capital cost upon the benefit for a breeder introduced 
i n  year 2000 is shown i n  Figure I11 F-25. 
benefit exceeds the development cost except for  situations where the energy demand 
is low and the uranium supply i s  base and large. 
demand o r  a small ore supply, the benefft exceeds the development cost by a 
substantial margin. 

Even w i t h  a h i g h  capital cost, the LtlFBR 

In the case o f  a large energy 

The average nuclear power cost i n  the U.S. as a function of time and the associated 
nuclear industry growth pattern is shown for selected cases i n  Flgures 111 F-26 
through I11 F-31. Recall t h a t  Figure I11 F-8 showed the total power cost w i t h  a 
reference ore supply, energy demand, and capital cost. Also recall t h a t  Figure 
111 F-10 showed the growth pattern associated w i t h  this case. Note that the LMFBR 
has the ability t o  reduce the to t a l  nuclear power cost by about 5 mills/kwhr(e) i n  
the year 2020, and nuclear power costs without the LMFBR are 50% higher than  w i t h  
the LMFBR. A reduction of 5 mills/kwhr(e) i n  the total nuclear power cost i n  the 
year 2020 corresponds t o  a reduction i n  the cost of electricity of 85 billion 
dollars per year. This cost reduction occurs because the nuclear economy with the 
LMFBR has the benefit of an increasing fuel supply, while the nuclear economy 
w i t h o u t  the LMFBR must depend upon a diminishing fuel supply. 

Consider next a case which is pessimistic insofar as the LMFBR is concerned, +.e., 
the case of a large uranium supply and small energy demand. The time dependence of 
the to t a l  power cost for t h i s  case Is shown i n  Figure I11 F-26 and the associated 
growth pattern i s  shown i n  Ftgure I11 F-27. 
the a b i l i t y  to reduce the total nuclear power cost by about 3 mills/kwhr(e) i n  the 
year 2020. This reduction corresponds to a savings of about 25 billion dollars/year 

In this event, the LMFBR s t i l l  has 
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LMFBR BENEFITS VERSUS ENERGY DEMAND AND U308 
SUPPLY FOR A 2000 INTRODUCTION 

Figure 111 F-22 
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LMFBR BENEFITS VERSUS INTRODUCTION DATE AND U308 SUPPLY 

Figure I 1 1  F-23 
FOR THE REFERENCE ENERGY REQUIREMENT 
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LMFBR BENEFITS VERSUS ENERGY DEMAND AND INTRODUCTION 
DATE FOR THE REFERENCE ORE SUPPLY 

F i g u r e  I11 F-24 
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i n  t h a t  year. Note t h a t  an LWR-HTGR economy is capable of stabilizinp the nuclear 
power cost, whereas the LMFBR with i t s  increasing fuel supplv, is  capable of 
reducing it.  Thus, even i n  the case where the LWFBR is not  necessarily needed, i t  
s t i l l  reduces nuclear power costs by a substantial margin. 

Consider next a case in which the LMFBR i s  definitely needed--i.e., the case of a 
small uranium supply and large energy demand. This is  shown i n  Figures 111 F-28 and 
I11 F-29. The LMFBR then reduces nuclear power costs by abou t  9 mills/kwhr(e) in 
2020, and this corresponds t o  cost reduction of about  200 billion dollarslyear in 
the same year. 
as shown i n  Figures I11 F-30 and I11 F-31. In this case, the LMFPR reduces nuclear 
power costs by about 3 mills/kwhr(e) in 2020 and thereby produces a savinq of about 
50 billion dollars/year. 
years in this case. This i s  because i t  i s  more economical t o  bum the plutonium 
i n  a plutonium-loaded LWR, since the capital cost of this reactor is  considerably 
lower. 

Finally, consider the case of an LMFBR with a high capital cost, 

The plutonium-burnina LMFBR i s  not b u i l t  i n  the later 

Average nuclear power costs i n  2020 for various combinations of energy demand, ore 
supply, and LMFBR capital cost are shown i n  Table I11 F-11. I n  general, nuclear 
power costs w i t h o u t  the LMFBR are about 43% higher t h a n  w i t h  the LMFBR. 

Figures I11 F-32 and 111 F-33 show the amount of U308 and separative work required 
as a function of the energy demand and the LMFBR introduction date. 
from these figures t h a t  delaying the LMFBR increases the requirements fo r  both 
items t o  an excessive degree. In particular, delaying the LMFBR increases the 
requirement for U308 by approximately 0.2 million tons of U308 per year of delay, 
and similarly increases the requirement fo r  enrichment capacity by almost 5 million 
SWU/year per year o f  del ay. 

I t  is  clear 

Now let  us t u r n  our attention t o  possible advanced power sources. 
the LMFBR view the possible commercialization of an advanced power source dur ing  the 
f i r s t  decade of the next century as pursuasive and even conclusive evidence t h a t  the 
development of the LMFBR is  not needed. 
fusion and sunlight for  solar--they .argue, will ;nbre than  make up f o r  the hiaher 
capital costs of these advanced power sources. As a result of these contentions, a 
sequence of calculations were made to  evaluate the effect of an advanced power source 
on the LMFBR benefits stated above.39 As a by-pyoduct, the benefits associated with 
the advanced power source i tself  were'also obtained. Since desian and cost da ta  ?or 
solar and fusion sources are quite speculative, the forecastinq calculations were 

Many critics of 

The miniscule cost for fuel--water for 
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CUMULATIVE U308 VERSUS ENERGY DEMAND AND LMFBR INTRODUCTION DATE 

Figure I 1 1  F-32 
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MAXIMUM SEPARATIVE WORK REQUIREMENT VERSUS ENERGY DEMAND 
AND LMFBR INTRODUCTION DATE 

Figure I11 F-33 
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performed i n  a parametric fashion. 
was assumed t o  be introduced in the year 2011 w i t h  a zero fuel cost, and with a 
capital cost of 50 $/kwe higher t h a n  the LMFBR. 
capital cost 25 $/Kwe higher t h a n  the LMFBR was also considered. 
were quite arbitrary,  and are definitely not meant t o  imply t h a t  the capital cost 
of an advanced power source will i n  fact be this low. 

An advanced power source of a rb i t r a ry  design 

An advanced power source w i t h  a 
These assumptions 

The nuclear industry growth pattern which is obtained when the advanced power 
source i s  allowed t o  compete freely w i t h  the LMFBR is  shown i n  Figures I11 F-34 and 
I11 F-35. With a capital cost differential of 25 $/kwe, the advanced power source 
i s  able t o  take an ever increasinq share of the market from the LMFBR, as shown i n  
Figure I11 F-34. However, the benefits--from 1975 t o  2041--associated w i t h  the 
advanced power source are about 1 billion dollars, while the benefits associated 
w i t h  the LMFBR over the same time span are about 54 billion dollars. The end of 
the planning horizon was extended from 2025 t o  2041 i n  order to  allow the advanced 
power source t o  make a significant market penetration. 

The reason t h a t  the benefits associated w i t h  the advanced power source are small i s  
as follows. The fuel cost of the LMFBR i s  about 0.4 mills/kwh in 2020, and so the 
total power cost of the advanced power source is  only slightly less than t h a t  of the 
LMFBR. Thus, the advanced power source i s  providing an insignificant reduction i n  
total power cost in the distant future. The LMFBR, on the other hand, i s  p rov id ing  
a large reduction i n  power cost i n  the near future. W i t h  any real time value of 
money, the benefits obtainable from an advanced power source become inconsequential 
compared t o  those obtainable from the LMFBR. 

The nuclear industry growth pattern which is obtained w i t h  a capital cost differ- 
ential o f  50 $/kwe between the advanced power source and the LMFBR i s  shown i n  
Figure I11 F-35. In  this case, the total power cost of the advanced power source 
i s  greater than t h a t  of the LMFBR, and consequently i t  i s  not built. 
the benefits associated w i t h  the advanced power source are zero, while the benefits 
associated with the LMFBR are 56 billion dollars. The discounted power cost over 
the planning horizon and the benefit associated w i t h  each power source are shown 
i n  Table I11 F-12. Note tha t  the advanced power source benefits are s ign i f i can t  
only when the LMFBR does not exist, since the advanced power source was always 
built i n  this case. However, even i n  this case, the advanced power source benefits 
are substantially smaller than the LMFBR benefits. 

As a result, 
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Table I11 F-12 
r 

EFFECT OF THE ADVANCED POWER SOURCE 
DISCOUNTED POWER COSTS - 1975-2041 

( lo9 $ @ 7.5%) 

With Without LMFBR 
LMFBR LMFBR Benef i t 

Adv. Power Source 
8 LMFBR + 25 $/kwe 

No Adv. Power Source 

Adv. Power Source 
Benefi t  

Adv. Power Source 
@ LMFBR + 50 $ / h e  

Adv. Power Source 
Benefi t  

338.7 393.2 54.5 

339.4 419.0 79.6 

0.7 25.8 

339.4 395.2 55.8 

0.0 23.8 
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c3 7. CONCLUSIONS 

As national reserves of o i l  and natural gas decline, it becomes apparent that  a 
new energy source w i l l  be required or  we must be prepared t o  accept a s ign i f icant  
decline i n  the qua l i t y  o f  l i f e .  Insofar as e lect r ica l  power i s  concerned, coal 
and nuclear energy are the only tw options which meet the dual c r i t e r i a  o f  an 
avai lable technology and an adequate fue l  supply. 

I n  t h i s  Section, we have shown that the LMFBR can have the fol lowing effects: 

a. 

b. 

C. 

d. 

e. 

Free the e l e c t r i c  power industry from a dependence upon depletable fue l  
supplies, which cannot be rest r ic ted by international p o l i t i c a l  concerns; 

Provide a large decrease i n  the production cost o f  e l e c t r i c i t y  f rom 
nuclear power plants, pr imari ly by reducing uranium ore and separative 
work requirements. I n  terms o f  undiscounted benefi ts it w i l l  reduce 
the cost o f  e lec t r i ca l  energy by about one t r i l l i o n  dol lars over the next 
f i f t y  years, and w i l l  reduce the cost o f  e lect r ica l  energy by 85 b i l l i o n  
dol lars  per year i n  the year 2020 alone f o r  base case conditions. Also 
f o r  base case conditions uranium ore requirements are reduced by a factor  
o f  two and separative work requirements by a factor  o f  four; 

Early introduction of the breeder may reduce the capi ta l  investment 
required t o  develop the nuclear industry, since the investment i n  uranium 
mining, m i l l i n g  and uranium enrichment f a c i l i t i e s  saved by the breeder 
may be much greater than the added investment f o r  breeder power plants; 

The e a r l i e r  the introduction o f  the breeder the greater the benefits. 
Society incurs a posi t ive cost by adopting a wait and see at t i tude. A 
delay i n  the introduction o f  the LMFBR by seven years t o  year 2000 w i l l  
cost 7 b i l l i o n  dollars, discounted a t  10%. Discounted a t  7.5% the delay 
costs 20 b i l l i o n  dol lars. This addit ional cost--produced by higher cost 
e lect r ica l  energy--is simply a foregone saving; 

Provide economic benefi ts f a r  i n  excess o f  the R&D costs required to  
develop the concept t o  the comerclal  stage. 

We have shown that  these considerations-while changed quantitatively-are not 
changed qual i ta t ive ly  over those presented i n  Section 11 o f  the PFES by changes i n  
the major variables such as U308 price, energy'demand, LMFBR capi ta l  cost, or by 
the introduction o f  an advanced power source. 
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SECTION I11 G 

HEALTH EFFECTS PROGRAM 
- ACTINIDE ELEMENTS - 



I11 G 

4.7s 

1. INTRODUCTION 

The major issue regarding the health hazards o f  plutonium that  was raised during 
the review o f  the PFES centered about the so-called "hot-part icle" hypothesis which 
i n  essence postulates that  the procedure of assessing plutonium health effect based 
on average organ doses i s  i n  er ror  and that  the health ef fects might be several 
orders o f  magnitude greater since the exposure i s  concentrated i n  l im i ted  areas o f  
the lung i n  the v i c i n i t y  o f  the "hot part ic les" wi th I much greater probabi l i ty  of 
cancer incidence than predicted using an average lung dose. I n  the opinion o f  the 
ERDA s t a f f  the evidence i s  overwhelmingly against the "hot par t ic le"  hypothesis and 
material a t test ing to t h i s  was presented a t  the Public Hearing on the PFES held on 
May 27-28, 1975.' 

HEALTH EFFECTS PROGRAM - ACTINIDE ELEMENTS 

The Internal  Review Board i n  i t s  report t o  the Administrator2 (see Section I V  8) 
stated: 

"The outstanding issue i s  whether the hot p a r t i c l e  hypothesis should be 
a s s m d  as an additional degree o f  conservatism i n  project ing health 
ef fects  from inhaled plutonium. I n  the judgment o f  the Board, t h i s  
dispute turns upon pecul iar ly recondite matters o f  health physics and 
cannot be resolved wi th in  the confines o f  an environmental impact 
statement. It must await the verdict  o f  the s c i e n t i f i c  community. The 
conclusions o f  the PFES appear to be based upon the considerable weight 
o f  current informed opinion and are therefore as adequate f o r  decision- 
making as the state o f  the a r t  w i l l  allow." 

Section I11 G has been prepared t o  present the ongoing health ef fects program i n  the 
area o f  the actinide elements i n  order to amplify the record as presented i n  the 
PFES and the Public Hearing and t o  describe the e f f o r t s  underway t o  improve the 
state of knowledge on the health ef fects o f  act inide elements including plutonium. 

2. PRQGRAM OVERVIEW 

Research on the health hazards o f  plutonium and other alpha-emitting radionuclides 
(the actinides) was i n i t i a t e d  wi th  some o f  the f i r s t  materials produced during and 
immediately fol lowing World War 11. The resul ts f r o m  those studies and others which 
followed have led  t o  the establishment o f  radiat ion protection c r i t e r i a  f o r  those 
radionuclides that  are i n  use a t  the present time. 
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The current studies on the po ten t ia l  heal th e f fec ts  o f  act inides are designed t o  
be t te r  define the dose-response relat ionships f o r  these radionuclides and t o  insure 
tha t  the pub l ic  heal th and safety i s  no t  endangered by the fu r ther  development and 
use o f  nuclear technologies. The resu l ts  from current studies w i l l  be u t i l i z e d  t o  
fu r the r  define these radi  a t ion  protect ion c r i  teri a f o r  man. 

To accomplish t h i s  goal for  nuclear and other developing energy technologies, i t  i s  
necessary t o  (1) i d e n t i f y  and characterize hazardous energy-related physical and 
chemical agents, (2) i d e n t i f y  adverse human e f fec ts  induced by these hazardous 
agents and develop an understanding of the basis for  such ef fects,  (3) develop 
methods f o r  the ear ly  detection and diagnosis o f  energy-related health ef fects,  
(4) obtain quant i ta t i ve  data on dose-response relat ionships from epidemiological 
studies i n  humans and i n  several experimental animal species, (5) integrate the 
quant i ta t i ve  data from mul t ip le  animal species studies i n t o  p red ic t i ve  models tha t  
can be used t o  estimate human heal th r i sks  under a var iety o f  exposure conditions, 
and (6) develop improved modes o f  protect ion and remedial action. 
cur ren t ly  under way i n  a l l  o f  these areas f o r  the act in ide radionuclides. 

Research i s  

The current research emphasis centers on evaluating health r i sks  a r i s ing  from 
exposures to  the very low levels o f  rad ia t ion  and/or radionuclides tha t  may occur 
i n  work areas o r  i n  the general environment from the use o f  nuclear energy. 
Inhalat ion i s  considered the most s ign i f i can t  exposure route f o r  man and i s  
receiv ing major emphasis i n  the research programs. 
i n te rac t i ve  e f fec ts  occurring when b io log ica l  systems are exposed t o  combinations 
o f  radionuclides and other hazardous agents i s  being given high p r i o r i t y .  

I n  addition, the study of 

The current emphasis on the study o f  low doses and dose rates dictates tha t  delayed 
o r  l a t e  e f fec ts  w i l l  be the primary experimental endpoints o f  importance. Both the 
po ten t ia l  somatic (e.g., cancer) and genetic e f fec ts  are being evaluated. The need 
f o r  a r e a l i s t i c  assessment o f  heal th e f fec ts  applies not only to  on-l ine nuclear 
technologies but also to the array o f  new nuclear technologies current ly i n  various 
stages o f  development. 

Whenever possible, estimates o f  po ten t ia l  heal th r i s k s  are based on studies o f  
humans who have been exposed accidental ly, occupationally, o r  f o r  other masons 
to  alpha-emitting radioactive isotopes (e.g., radium d ia l  painters). It i s  also 
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essential to  obtain information on the metabolism and disposition of radionuc 
generated and/or utilized i n  nuclear technologies as the basis for estimating 
internal dose to  critical organs for  these hazardous materials whenever the 
opportunity arises. 

ides 
the 

However, due to extensive safety precautions which resulted from early recognition 
of the potential toxicity of these materials, opportunities for  the study of 
exposed human populations have been limited and the studies are generally lacking 
i n  adequate control of important variables. Thus, the development of useful 
predictive models fo r  man must rely heavily on research utilizing experimental 
animals. Whenever possible, the animal experiments are related to  known radiat ion 
effects i n  man to  provide more confidence i n  the extrapolation of the data  t o  man. 
For example, the effects of plutonium deposited i n  the skeleton of experimental 
animals has been related t o  the effects likely t o  be observed i n  humans by 
comparison w i t h  the known effects of radium deposited i n  the skeleton of man by 
use of the following assumption: 

Toxicity of radium i n  experimental animals (known)  
Toxicity of plutonium i n  experimental animals (partially known) 

While there are limitations i n  this type of extrapolation, i t  does provide a base 
of human data  on which t o  make the extrapolation. 
direct comparison of effects i n  organs other than bone in this fashion i s  not 
possible due to a lack of data from man. 

However, a t  this time the 

In addi t ion ,  animal studies provide important information on the manner and degree 
to which the dose-response relationship may be affected by various modifying 
factors; they also provide detailed information on the kinetics and mechanisms of 
radionucl ide metabolism. Interspecies comparisons are made w i t h  both short-1 ived 
and long-1 ived experimental animals, and the information i s  compared w i t h  observa- 
tions on man i n  terms of the nature, severity, and time of appearance o f  the 
biological effects. 

Since no single experimental animal is  a sufficient model for man, several species 
must be used and experimental conditions sought w h i c h  make possible risk estimates 
for human populations. By using an interspecies comparative approach, insights 
are gained i n t o  species similarities and differences w i t h  respect t o  sensitivity 
to  hazardous agents, patterns of response, metabolism of internally deposited 
radionuclides, and organs a t  particular risk. The use of several species of 
laboratory animals for  the establishment o f  dose-response relationships provides a 

111 6-3 
Grrs 



greater degree of confidence when establishing exposure limits f o r  man. While 
short-lived species (e.g., rat, hamster, muse) are useful and essential for many 
types of studies, i t  i s  essential t h a t  studies be conducted in other species w i t h  
longer lifespans (e.g., dogs). 

The dose response studies to  establish potential health risks are supplemented by 
supportive research of several types. Research on the pathophysiology of disease 
induction helps to  define the complex sequence of biological events leading t o  
overt clinical symptoms i n  the exposed organism and to clarify the nature o f  any 
functional impairments. Molecular and cellular studies elucidate mechanisms and 
consequences of damage and also determine protective mechanisms tha t  may function 
i n  the animal. Other studies develop improved methods for the early detection and 
diagnosis of abnormalities induced by hazardous agents, including the development 
of nuclear medicine techniques which permit lesions to  be detected and function to  
be assessed i n  many organ systems. An add i t iona l  effort of h i g h  pr ior i ty  i s  
concerned w i t h  developing effective means of protecting exposed individuals against 
serious injury and w i t h  facilitating recovery i n  persons exposed t o  rad ia t ion  and/ 
or radionuclides. 

3. PROGRAM DESCRIPTIOM 

A. HUMAN STUDIES 

In order to assess human health risks properly, the magnitude of the dose of a 
hazardous agent must, if  possible, be quantitatively correlated w i t h  the magnitude 
of the biological effect i n  man. 
w i t h  which one can calculate estimates of risks o r  hazards for different levels of 
human exposure. 
exposure limits, for establishing guidelines w i t h  respect t o  the containment of 
hazardous agentss and for purposes of making cost/risk/benefit analyses used i n  
long-range planning. The development of an adequate predictive capability requires 
a comprehensive program of research t h a t  includes human epidemiological studies. A 
number of these types of studies are under way i n  order t o  ob ta in  the maximum amount 
of information possible on the effects of alpha-emitting radionuclides on man. 

I t  is then possible t o  devise predictive models 

Predictive models are essential for setting and evaluating human 

An epidemiologic study has been initiated on the follow-up of plutonium workers i n  
six major ERDA contractor facilities. These are the Hanford, Los Alamos, Mound 
Laboratories, Oak Ridge, Rocky Flats and Savannah River Plants. Data will be 
accumulated on the incidence of disease i n  l i fe  and as a cause of death i n  active 
and separated employees. A comparison is intended between plutonium workers w i t h  
detectable plutonium deposition, exposed workers w i t h  no record of detectable 
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plutonium deposition, and plant employees who have not been exposed to plutonium. 
The former will represent the primary study group and the l a t t e r  two, the compari- 
son groups. 
uniform methods will be applied a t  the various f a c i l i t i e s  so that  the resulting 
data can be pooled fo r  analysis. The total  population of workers i n  the study, 
including controls, may approximate 12,000. 

Suitable populations for  study will be developed a t  each f a c i l i t y ,  and 

The detailed follow-up examination of a more limited group of plutonium workers 
exposed dur ing  the Manhattan Project and a t  the Los Alamos Scient i f ic  Laboratory 
will be contiriued. The original group of 27 workers s t u d i e d  has been expanded to 
250. A more extensive medical, radiological and health physics examination is  
provided to these individuals than is  possible i n  the epidemiologic study described 
above. 

The Transuranium Registry, operated by the Hanford Environmental Health Foundation , 
has continued to  col lect  and analyze t issues from autopsies on workers potentially 
exposed to  plutonium i n  ERDA f a c i l i t i e s .  Valuable data on the distribution of 
plutonium i n  various organs of the body have been developed i n  the study. In most 
of the autopsies the highest concentrations were found i n  the tracheobronchial 
lymph nodes, l u n g  and l i ve r .  The number of identified transuranium workers as 
defined by the Registry was doubled d u r i n g  the past year. The analysis of plutonium 
i n  t issues obtained i n  the Registry program is performed a t  Pacific Northwest 
Laboratory. 

Radioanalysis of plutonium i n  tissues obtained from autopsies performed on members 
of the general population is  carried out a t  the Los Alamos Scient i f ic  Laboratory 
and a t  the Pacific Northwest Laboratory. A t  the Los Alamos Scient i f ic  Laboratory 
the principal geographical sources of autopsy t issues,  w i t h  the number o f  cases 
under study ( i n  parentheses), are as follows: Augusta, Georgia (79); Chicago, 
I l l i no i s  (33); Denver-Boulder, Colorado (295); Erie, Pennsylvania (182); Los Alamos, 
N e w  Mexico (366); and New York City, New York (36). All tissues analyzed a t  
Pacific Northwest Laboratory were obtained from the Richland, Washington, area. 
T h i s  program monitors levels of plutonium i n  t issues of the general population, 
both close to and a t  a distance from plants where plutonium is handled. 
studies also provide information on the quantity of plutonium deposited i n  man via 
fa l lout  r e s u l t i n g  from the atmospheric dispersion of plutonium primarily as a 
consequence of the atmospheric nuclear weapons testing programs conducted by 
several nations prior t o  the 1963 Test Ban Treaty. In addition, l a t e  excretion 
patterns of plutonium i n  man have been investigated and a more rapid rate  of 

These 
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excretion was found than presently accepted models would predict  about 30 years 
a f t e r  depos i t ion. 

The investigation o f  e f fects  o f  radium i n  persons who incurred deposition as d i a l  
painters, chemists o r  medical patients i s  conducted by the Center f o r  Human 
Radiobiology a t  Argonne National Laboratory. O f  3803 documented cases o f  such 
exposure, complete studies have been made on 1572 individuals. Malignant bone 
tumors (54 observed) and carcinomas o f  the mastoid and paranasal sinuses (27 
observed) are at t r ibuted t o  the radium deposition. A l l  bone tumors were recorded 
p r io r  to 1969 while 6 cases o f  mastoid carcinoma have been reported since then. 
Studies o f  the re la t i ve  biological  effectiveness and/or the pattern o f  deposition 
i n  bone o f  Ra-224 are being conducted. 

The ERDA Health and Morta l i ty  Study conducted by Dr .  Thomas F. Mancuso o f  the 
University o f  Pittsburgh i n  col laboration wi th  groups a t  the Oak Ridge, Hanford 
and Mound Laboratories f a c i l i t i e s  has continued i t s  analysis o f  mor ta l i ty  patterns 
i n  the Hanford, Washington, nuclear workers. The relat ionship o f  levels o f  
exposure to longevity i s  being explored and the study i s  being expanded t o  include 
information pertaining t o  the internal  deposition o f  radionuclides. Collect ion o f  
data from death ce r t i f i ca tes  on deceased workers and t h e i r  non-occupational l y  
exposed sibl ings soon w i l l  be advanced su f f i c i en t l y  t o  permit analysis o f  the data 
on the large population o f  Oak Ridge workers (104,000) and the i r  s ib l ing controls 
(40,000). 

A t  the University o f  Denver, a study continues o f  the chromosomal aberrations i n  
the c i rcu la t ing lymphocytes o f  humans exposed t o  222Rn and 239Pu. The number and 
kind o f  aberrations are compared with the length o f  time and type o f  exposure t o  
these radionucl ides. 

ERDA contractors a t  S t .  Mary's Hospital i n  Grand Junction, Colorado, have developed 
cytological techniques f o r  the i den t i f i ca t i on  o f  abnormal lung c e l l s  i n  human 
sputum. 
detect precancerous lesions i n  the. lungs o f  3500 uranium miners. 
N e w  York University are conducting measurements to  determine how levels o f  radio- 
act ive lead-210 i n  the skul ls  o f  uranium miners correspond with the duration and 
degree o f  t h e i r  exposures t o  radioactive mine a i r .  

I n  a continuing surveillance ef for t ,  these techniques are being used t o  
Investigators a t  

These studies current ly provide valuable information on the assessment o f  the many 
variables governing the re1 ationship between deposited a1 pha-emi t t i n g  radionuclides 
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and observed morbidity and/or mor ta l i ty  parameters. However, to a considerable 

extent waningful data w i l l  be dependent upon the acquisit ion and radioanalyses o f  
body tissues obtained a t  autopsy. Furthermore, i n  those studies i n  which morbidity 

i s  being followed, observations o f  appropriate endpoints (e.g., various types o f  
cancer) must await the potent ia l  development o f  such diseases wi th  time and determine 
t h e i r  incidence and time of appearance i n  comparison wi th  s imi lar  data from appro- 
pr ia te control populations. Although the radium population has e i ther  died o r  
attained advanced age, i t  must be recognized that  a t  present only the ea r l i es t  
plutonium workers are now approaching middle- and advanced age fol lowing exposure 
to s ign i f icant  levels o f  plutonium about 30 years ago. While information w i l l  be 
forthcoming on a continuing basis and sumnaries o f  data and estimates o f  i t s  meaning 
prepared on a periodic basis, i t  undoubtedly w i l l  be 10 to 20 years before adequate 
data from su f f i c i en t  numbers o f  persons w i l l  be avai lable t o  formulate de f i n i t i ve  
concl us ions and/or re1 a ti ons h i  ps . 
Since the human epidemiological studies w i l l  never adequately define i n  a 
co,.trolled manner a l l  o f  the many factors which contr ibute to and ul t imately d ic ta te 
the potent ia l  health effects caused by the deposition o f  these radionuclides, 
extensive toxicological studies i n  experimental animals are being conducted. 

B. ANIMAL STUDIES 

1. General 
The primary purpose o f  animal studies wi th  i n te rna l l y  deposited radio- 
nuclides i s  to help develop, qual i ta t ive ly  and quanti tat ively, a f i rm  
biological  basis f o r  assessing the r i s k  to man associated wi th  the 
exposure to radioactive materials. The research program consists o f  
studies o f  the metabolism and toxic ef fects o f  radionuclides i n  experi- 
mental animals which can be compared wi th  the resul ts o f  epidemiological 
and metabolic studies on mn. The animal work consists o f  careful ly 
control led laboratory experiments i n  which the metabolism, dosimetry and 
tox ic  ef fects are investigated i n  a var iety o f  mammalian species wi th a 
view to understanding the comparative t o x i c i t y  and metabolism i n  
su f f i c i en t  deta i l  to re l i ab l y  extrapolate to man, using appropriate 
mathematical modeling sui tably tested i n  experimental animals and man. 

The metabolic, dosimetric and toxic e f fects  studies i n  animals take i n t o  
account varying mutes o f  exposure such as inhalation, ingestion, 
intravenous or  intramuscular in ject ion,  etc., d i f f e ren t  chemical and 
physical forms o f  nuclides, age o f  the animals, speci f ic  metabolic 
t r a i t s  of the animals, and the par t icu lar  s u i t a b i l i t y  o f  selected animals 
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as models f o r  physiological and pathological processes i n  humans. The 

purpose o f  metabolic studies i s  to  i den t i f y  the factors influencing 
local izat ion o f  radioactive materials i n  organs, tissues and cel ls.  
The purpose o f  the dosimetric and toxic ef fects studies i s  to 

understand the types, mechanisms, and degrees o f  damage i n  order t o  
assess the biological hazards resul t ing from intake o f  radionuclides. 
Collect ively the research program i s  designed t o  assess the severity 
and the nature o f  the biological  ef fects f r o m  i n te rna l l y  deposited 
alpha-emitting radionuclides. 

To obtain s t a t i s t i c a l l y  va l i d  data on l a t e  somatic effects, l i f e  time 
observations on large groups o f  animals exposed to graded doses o f  
radionuclides are required. These studies have u t i 1  ized several 
species o f  rodents (short- l ived model) and the dog (long-lived model). 
Since the rodent and the dog are known to exhib i t  important differences 
with respect to metabolic patterns and organ function, metabolic studies 
are i n  progress on a smaller scale i n  two other short- l ived species 
(i.e., the hamster and the mouse) and i n  two other long-lived species, 
miniature swine and subhuman primates. This comparative mu1 tispecies 
animal approach allows data to  be extrapolated to man wi th  greater 
confidence than would otherwise be possible. 

The major concern, from an occupational and from a public health stand- 
point, i s  the assessment o f  r isks that  resu l t  from exposures to low 
levels o f  radiation. This program i s  concerned wi th  accumulating 
quanti tat ive data on l a t e  somatic effects, par t icu lar ly  the incidence 
o f  cancer. Since inhalat ion i s  the most c m n  route f o r  intake o f  
transuranium radionuclides i n  man from nuclear energy operations, 
exposure o f  animals v ia  the inhalat ion route i s  emphasized. Hawever, 
i n  general populations uptake v ia  the gastrointestinal t r a c t  may also 
be important and work continues wi th  t h i s  exposure mode. The response 
a f t e r  in ject ion o f  radionuclides i s  also studied, since th i s  provides 
the opportunity to del iver  selected doses i n  well characterized fonns, 
and to study the comparative metabolism and ef fects  o f  various nuclides. 

Since i t  i s  not possible to conduct comprehensive studies o f  a l l  radio- 
nuclides o f  in terest  under a wide var iety o f  conditions, emphasis i s  
placed on the study of those radionuclides which are representative o f  a 
nurnber of radioisotopes and/or which are expected to be o f  importance i n  
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devel oping techno1 ogies . A1 pha-emi t t i  ng radi  onucl ides under n tens i ve 
study now include, among others, various uranium and transuranium elements 
(pr inc ipa l ly  isotopes o f  plutonium, americium, and curium), radium 
isotopes, and radioisotopes associated with uranium mining (radon and i t s  
radioactive decay products). Studies o f  inhaled radionuclides are 
conducted pr imari ly a t  the Bat te l le  Paci f ic  Northwest Laboratory and a t  
the Inhalat ion Toxicology Research Inst i tu te ;  injected radionuclides a r e  
studied a t  the Los Alamos Scient i f ic  Laboratory, the University o f  Utah, 
the University o f  Cal i fornia a t  Davis, the University o f  Cal i fornia a t  
Berkeley, the Argonne National Laboratory, and the New York University; 
ingested internal  emitters are being studied a t  the Paci f ic  Northwest 
Laboratory and the University o f  Cali fornia a t  Davis; the incorporation 
o f  radionuclides from puncture wounds i s  studied a t  Colorado State 
University. 

The resul ts  o f  animal research provide information required i n  support 
o f  development decisions f o r  various nuclear energy options, sc ien t i f i c  
information needed i n  the process o f  technology development, review o f  
standards and regulatory aspects, and contr ibute towards a better 
s c i e n t i f i c  and public understanding o f  health r i sks  associated with the 
use o f  nuclear energy. The information developed from t h i s  spectrum 
o f  studies on the ef fects o f  in ternal ly  deposited radionuclides i n  man 
and experimental animals have been u t i 1  ized t o  establ ish reasonable 
exposure guidelines f o r  man. The emphasis o f  the current research i s  
t o  provide information f o r  the refinement o f  these guidelines ei ther 
upward or  downward and t o  provide posi t ive answers to  the s ign i f icant  
questions that  have been raised re la t ing t o  potential unique dosimetry 
and t o x i c i t y  problems from in te rna l l y  deposited radionuclides. 

Metabolism and Effects of Alpha-Emitting Radionuclides 
The d i s t r i bu t i on  o f  plutonium wi th in  the body i s  markedly influenced by 
i t s  physicochemical form and route o f  entry i n t o  the body. Studies 
conducted a t  the Argonne National Laboratory, the Paci f ic  Northwest 
Laboratory and the University o f  Utah, have demonstrated that  exposure 
o f  rodents and dogs t o  re la t i ve l y  high doses o f  plutonium by inhalat ion 
or in ject ion resul ts  i n  an increased incidence o f  tumors i n  the lung, 
l i v e r ,  and bone, wi th  the target organ being dependent on the route o f  
exposure and the eventual d is t r ibut ion wi th in the body. The current 
research e f f o r t  t o  determine the r i s k  o f  exposure to  plutonium i s  

IU  
I11 G-9 



directed toward an understanding of the factors and events w h i c h  lead t o  
this tumor formation and t o  the identification and quantitation of the 
biological effects of inhaled, injected, o r  ingested plutonium a t  low 
exposure levels extending down to  the equivalent o f  presently accepted 
body o r  organ burden limits for occupationally exposed humans. The 
influenc'e of age a t  exposure and metabolic disturbances of the animal 
on the toxicity o f  plutonium are also under study. 

Aerosols of alpha-emitting radionuclides t h a t  may be inhaled by man can 
be broadly classified as being relatively soluble and insoluble. 
inhalation, insoluble aerosols remain i n  lung tissue for long periods 
of time, irradiating cells i n  the locality of the particles. The 
resulting rad ia t ion  exposure i s  both very nonuniform and highly variable 
depending on the number of particles, and the degree of translocation 
b o t h  on a micro and macro scale w i t h i n  the lung. 

Upon 

There are three major and complementary programs which  are designed t o  
assess the degree of risk associated with the inhalation of particles 
of p l u t o n i u m  dioxide. A t  the Inhalation Toxicology Research Institute 
a series of exposures of rodents and beagle dogs i s  under way using 
single sized (monodisperse) alpha emitting particles; the experimental 
design includes variability i n  particle number, size, and specific 
activity. These studies should determine the comparative risk of 
pulmonary neoplasia associated w i t h  nonuniform vs. uniform distribution 
of radiat ion dose t o  the lung tissue. 

A second experiment relating t o  the significance of the degree of 
homogeneity of the radiat ion dose t o  the lung i s  being conducted a t  the 
Los Alamos Scientific Laboratory, where i t  has been shown t h a t  Syrian 
hamsters retain specific numbers of particles containing plutonium of 
varying specific activity per particle i n  the pulmonary capillaries 
following injection into the jugular vein. While these exposures differ 
from inhalation exposures i n  t h a t  translocation to  lymph nodes does not 
occur and the particles remain relatively fixed i n  location, they do 
permit precise q u a n t i t a t i o n  of macro- and microdosimetry, and provide 
one basis for estimating the carcinogenic risk from varying numbers and 
activities of alpha-emitting particles and the resulting difference in 
dose distribution. 
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Studies i n  which dogs were exposed to polydisperse aerosols o f  239Pu02 
and 238Pu02 are being conducted a t  the Paci f ic  Northwest Laboratory. Past 
studies have shown that  re la t i ve l y  high lung burdens o f  inhaled Pu-239 
dioxide resu l t  i n  lung tumors. Similar studies wi th  inhaled Pu-238 

dioxide have shown that  the skeleton may be the c r i t i c a l  organ f o r  t h i s  
plutonium compound since osteosarcomas (bone tumors) were observed a t  a 
higher incidence than lung tumors were. 

A major series o f  plutonium inhalat ion studies i n  beagle dogs was 
i n i t i a t e d  nearly s i x  years ago a t  t h i s  laboratory i n  which the exposure 
levels were extended to lower i n i t i a l  lung burdens which approximate the 
occupational exposure l i m i t s  f o r  inhaled plutonium. These studies a t  the 
Inhalat ion Toxicology Research Inst i tu te ,  Los A l m s  Sc ien t i f i c  Laboratory 
and Paci f ic  Northwest Laboratory w i l l  provide information concerning the 
re la t i ve  importance o f  pa r t i c l e  s i te,  pa r t i c l e  act iv i ty ,  radiat ion dose 
and iden t i f i ca t i on  o f  the ce l l s  a t  r i s k  i n  the induction o f  lung cancer 
from inhaled alpha emit t ing particulates, and they extend the dose- 
response relat ionship considerably below those previously studied. 

Soluble alpha-emitting aerosols (e.g., n i t ra tes)  are also l i k e l y  to be 
inhaled i n  certain stages o f  the fuel  cycle. Plutonium n i t r a t e  i s  
expected to be a major fonn o f  plutonium to which workers involved i n  
fuel reprocessing might potent ia l ly  be exposed. Limited studies 
exposing small animals to aerosols o f  plutonium n i t r a t e  resulted i n  the 
induction o f  both osteosarcoma and lung cancer. Accordingly, low 
level inhalat ion exposures o f  rodents to  plutonium n i t r a t e  are being 
conducted a t  the Pacific Northwest Laboratory and Inhalat ion Toxicology 
Research Inst i tu te ,  and s imi lar  exposures o f  beagle dogs are being 
studied a t  the Paci f ic  Northwest Laboratory. These studies, u t i l i z i n g  
both plutonium-239 and plutonium-238, complement the studies o f  the 
oxide compounds o f  these radionucl ides discussed above. 

I n  addit ion t o  the plutonium studies indicated above, range-finding 
studies o f  the ef fects i n  rodents o f  inhaled oxides and n i t ra tes o f  
americium and curium are under way a t  the Inhalat ion Toxicology Research 
I n s t i t u t e  and the Paci f ic  Nor thest  Laboratory to determine the 
des i rab i l i t y  and necessity f o r  designing appropriate detai led studies 

i n  large animals (dogs, miniature swine, o r  primates). The importance 
of these studies i s  related to t h e i r  prevalence i n  the nuclear fuel cycle, 
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to  the i r  use f o r  bet ter  defining the mechanisms and c r i t i c a l  factors 
governing the carcinogenicity o f  the a1 pha-emi t t i n g  radionucl ides, and 
to  a variety o f  beneficial purposes f o r  which these radioisotopes are 
used, such as thermoelectric sources (e.g., Pu-238, Cm-244 i n  heart 
pacemakers and navigational equipment) and ionizat ion sources (e.g., 
Am-241 i n  smoke detectors), a l l  o f  which involve the poss ib i l i t y  o f  
occupational and environmental exposure. 

Because o f  the poss ib i l i t y  o f  chronic o r  repeated human inhalat ion 
exposures to very low plutonium levels, studies i n  rodents and dogs 
subjected to  chronic exposure to  plutonium aerosols were recently 
i n i t i a t e d  a t  the Inhalat ion Toxicology Research Inst i tu te .  

The isotopic composition (specific a c t i v i t y )  and pa r t i c l e  matrix o f  
plutonium produced i n  nuclear power plants i s  considerably d i f f e ren t  
from that  o f  ''pure" Pu-238, important f o r  space nuclear power sources, 
and f r o m  that  o f  Pu-239, important f o r  weapons, which have been used 
i n  past studies. Plutonium nuclear reactor fuels may be int imately 
incorporated with uranium, which w i l l  comprise m s t  o f  the pa r t i c l e  
mass. 
other elements, pa r t i cu la r l y  sodium, might be expected i n  the LHFBR i n  
the event o f  an accident, thereby presenting the poss ib i l i t y  o f  a 
combined r i s k  o f  inhalat ion o f  plutonium and sodium aerosols. Studies 
a t  the Paci f ic  Northwest Laboratory and the Inhalat ion Toxicology 
Research I n s t i t u t e  are investigating mixed oxides o f  uranium, plutonium, 
curium and americium, and sodium and plutonium aerosols are under study 
a t  the Paci f ic  Northwest Laboratory. 

I n  addition, the association o f  Pu-containing aerosols wi th  

To complement these laboratory studies, samples o f  aerosols o f  mixed 
uranium and transuranium oxides typical  o f  those u t i l i z e d  i n  reactor 
fuels are being col lected and-characterized f r o m  reactor fuel  fabr icat lon 
f a c i l i t i e s  as to t h e i r  aerodynamic properties and chemical form. I n  v i t r o  
s o l u b i l i t y  studies are being conducted on the materials to determine t h e i r  
probable lung retention times i n  case o f  accidental exposure. These 
studies w i l l  be extended soon to  include the exposure o f  rodents and sub- 
human primates to these aerosols to  confirm t h e i r  biological behavior. 
These studies w i l l  permit comparison between studies wi th  well charac- 
terized laboratory aerosols formed under known conditions and studies 
u t i l i z i n g  aerosols l i k e l y  t o  be encountered i n  accident situations. 
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These various investigations consist of a great many separate experiments. 
Some of these experiments have been in progress for several years; others 
have been initiated in the past year or two; a limited number are currently 
being initiated. Consequently the results will become available as data is 
published and assessments of the data are made over a continuum of time. 
It is reasonable to expect, however, that more complete metabolic data will 
be available within five years, that various aspects of the current studies 
relating to dose-effect relationships in rodents--including the comparative 
studies on uniform and non-uniform exposure of the lung--will be concluded 
within five to ten years, and that the majority of the present studies on 
long-lived species will be complete in ten to twenty years. This antici- 
pated availability of data, however, does -not pertain to any additional 
studies which, as a consequence of future findings or of future problem 
areas, m y  be initiated as the need arises. 

Studies on the effects of alpha-emitting radionuclides deposited in the 
skeleton are being conducted at the University of Utah. Comparative 
tumorigenic effects of Pu, Am, Cm, Th, and Ra injected intravenously are 
being investigated in the beagle dog and in rodents. Since there is 
considerable human data on the induction of bone tumors (osteosarcoma) 
from the radium dial painters, these studies are designed to compare the 
effects of radium in the beagle dog with observed effects in humans, to 
compare the effects from other injected alpha-emitting radionuclides 
(primarily plutonium and other transuranium elements) in the dog with the 
effects from radium studies, and, therefore, to provide a basis for the 
extrapolation of their relative toxicity in dog to their relative toxicity 
in man. 
extrapolations are made, it i s  necessary to understand the species 
characteristics and variables o f  bone dynamics as a function of age, the 
local bone dosimetry, cells at risk, and the histopathology of induced 
lesions. Studies of the behavior of radionuclides deposited in soft 
tissues, particularly the liver, are also important, and studies are 
being conducted to better define translocation rates between tissues. 
Mathematical models are being refined which relate radiation dose and 

In order to increase the degree of confidence with which such 

dose-rate to cancer induction. Studies are in progress to determine the 
dose-response of these. radionuclides at much lower doses corresponding 
to levels equivalent to occupational body burden exposure limits for 
plutonium in man. The rodent studies are expected to provide additional 
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data  w i t h i n  three to five years; the dog studies will be complete i n  
fifteen t o  twenty years, although much data  w i l l  become available prior 
to t h a t  time. 

Although the mammalian gastro-intestinal tract discriminates strongly 
against most plutonium and transplutonium compounds, there i s  some 
absorption, depending upon the physicochemical form (e.g., isotope, 
soluble vs. insoluble, organically bound, etc.). Previous studies have 
shown t h a t  following gastro-intestinal absorption, the skeleton will 
accumulate the highest radiat ion dose; accordingly, injection studies 
are directly relevant t o  internal distributions which are characteristic 
of ingestion. Alpha-emitting radionuclides are also incorporated in to  
skeletal tissue following inhalation when they are translocated from the 
tracheobronchial lymph nodes and lung. The absorption and translocation 
kinetics of ingested isotopes of plutonium, uranium, neptunium, curium 
and californium are being determined i n  studies a t  the Pacific Northwest 
Laboratory i n  order to  more accurately predict the amount reaching 
critical tissues under a variety o f  physiological and environmental 
conditions. 
basis and are expected t o  continue i n  one form or another for another 
five years or more. 

These ongoing studies provide information on a continuing 

A t  Lawrence Berkeley Laboratory the kinetics and distribution of 238Pu 
and 241Am a t  the organ and cellular level are under study i n  two subhuman 
primate species : rhesus and cynomologous monkeys. A t  New York University 
metabolic studies of 241Am, 244Cm and *l"Pb are underway i n  another 
subhuman primate, the baboon, and the kinetics and d i s t r i b u t i o n  o f  these 
radionuclides are being investigated. Studies a t  Colorado State 
University continue to evaluate intradermally injected plutonium 
(simulating wound contamination) and t o  determine i t s  translocation and 
effects as a function of chemical form, anatomical s i te ,  and preventive 
measures. 

3. Recovery and Treatment 
Research i s  being conducted t o  develop effective and safe methods of 
preventing or  reducing the toxic effects of plutonium or  other radio- 
nuclides deposited internally by the use o f  special agents or  procedures 
t h a t  accelerate removal and excretion of the radioisotope or  decrease 
their absorption and, consequently, reduce the associated risk. The 
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cur ren t ly  accepted treatment f o r  plutonium and many other radionuclides 
deposited i n  the body consists o f  chelat ion therapy, possibly combined 
with bronchopulmonary lavage i f  the radionucl ide was inhaled. Past 
studies have shown t h a t  the chelat ing agent diethylenetriaminepentaacetic 
ac id  (DTPA) read i l y  binds t o  plutonium and re la ted  radionuclides i n  the 
blood t o  form soluble complexes tha t  are read i l y  el iminated v ia  the 
kidneys. The calcium s a l t  of DTPA i s  approved f o r  invest igat ional  use 
i n  humans and i s  used t o  t r e a t  accidental exposures o f  man. However, the 
calcium s a l t  has been shown t o  be embryotoxic i n  mice and, under cer ta in  
conditions, can cause disadvantageous side ef fects.  
Pac i f i c  Northwest Laboratory and the Universi ty o f  Utah have demonstrated 
tha t  the zinc s a l t  o f  DTPA i s  as e f fec t i ve  as the calcium sa l t ,  i s  less 
tox i c  and can be chron ica l l y  administered over prolonged time periods. 
Thus, research i s  now under way t o  develop the most e f fec t i ve  therapeutic 
regimes f o r  z inc OTPA, 

Studies a t  the 

While the current therapeutic regime u t i l i z i n g  calcium OTPA removes a 
var iable percentage o f  the i n t e r n a l l y  deposited radionuclide, i t s  e f f i cacy  
i n  removing plutonium and other radionuclides desposited i n  bone and 
skeleton i s  l imi ted. Several approaches t o  overcome t h i s  l i m i t a t i o n  are 
being investigated. The f i r s t  o f  these i s  the synthesis o f  new chelat ing 
agents with a higher degree o f  spec i f i c i t y  and/or a greater s o l u b i l i t y  i n  
l i p ids .  Studies a t  the Universi ty o f  Utah are inves t iga t ing  the e f f i cacy  
and t o x i c i t y  o f  mu1 ti-heteromacrocycl i c  molecules synthesized a t  the 
Universi ty o f  Ca l i fo rn ia  a t  Los Angeles. These compounds can shape 
themselves t o  the ac t in ide  i on  t o  provide a very high leve l  o f  s p e c i f i c i t y  
o f  chelat ion. The Argonne National Laboratory i s  invest igat ing the 
e f f i cacy  o f  DTPA encapsulated i n t o  l i p i d  mater ia ls p r i o r  t o  t h e i r  adminis- 

t r a t i o n  i n  order t o  increase the entry o f  DTPA i n t o  the c e l l .  The 
development o f  reposi tory forms o f  zinc DTPA t o  provide chronic o r  
continuous chelat ion therapy i s  also under invest igat ion.  Studies a t  
New York Universi ty have shown that:calcium DTPA i s  more e f fec t i ve  i n  
removing ske le ta l l y  deposited Am-241 from the j uven i l e  baboon as compared 
with the adul t .  

I ,  

As inha la t ion  i s  one o f  the .most. prevalent modes o f  exposure i n  accidents 
w i t h  nuclear mater ia ls and standard chelat ion therapy i s  r e l a t i v e l y  
i ne f fec t i ve  i n  removing inhaled materials, p a r t i c u l a r l y  i f  they are 
r e l a t i v e l y  insoluble, e f f i c i e n t  therapy f o r  inha la t ion  deposit ion i s  
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needed. 
washing the lung wi th  physiological sal ine solut ion has been system- 
a t i c a l l y  evaluated i n  beagle dogs a t  the Inhalat ion Toxicology Research 
Inst i tu te ,  wi th  an emphasis on the ef f icacy o f  the removal o f  the 
inhaled radionuclide and the safety o f  the technique. Current broncho- 
pulmonary methods are ef fect ive i n  removing about 40% o f  the inhaled 
material f r o m  the lung. Methods to increase the ef f icacy o f  removal and 
to understand the factors responsible f o r  variations i n  ef f icacy are 
under way. The ef f icacy o f  DTPA administered by inhalat ion rather than 
in ject ion i s  being investigated a t  Paci f ic  Northwest Laboratory. 

Bronchopulmonary lavage therapy which consists o f  f lushing o r  

I n  addition t o  evaluating the ef f icacy o f  therapeutic techniques i n  
removing deposited radionuclides, studies are under way a t  the Paci f ic  
Northwest Laboratory and the Inhalat ion Toxicology Research I n s t i t u t e  
to evaluate the ef f icacy o f  these therapeutic techniques i n  reducing 
the incidence o f  b io logical  effects. 
that  the reduction i n  the body burden by therapeutic techniques may o r  
may not proportionately reduce the biological consequences. Thus 
animals treated by chelation therapy and bronchopulmonary lavage are 
being observed to determine the ef f icacy o f  these techniques i n  reducing 
the biological  effects. 

It i s  essential t o  recognize 

The time period i n  which these several studies w i l l  be complete i s  
d i f f i c u l t  to estimate since i t  i s  impossible to prejudge the success o r  
f a i l u r e  o f  any o f  the studies, o r  t o  indicate when the many variables 
involved w i l l  be characterized. It i s  expected, however, that  i n i t i a l  
resul ts w i l l  be avai lable wi th in  two t o  three years. 

Supporting Studies 
Studies o f  the pathogenesis and biological mechanisms o f  radiat ion 
damage are also essential to the development o f  radiat ion protection 
standards and the development o f  techniques to  a l l ev ia te  the biological  
effects. The t o x i c i t y  studies described previously are providing 
information on the response t o  radiat ion i n  the i n tac t  animal. 
to understand these observed ef fects and extend the application o f  
knowledge gained from animal experiments i t  i s  essential t o  understand 
the basic biological  mechanisms that  are responsible f o r  these 
biological  effects. 

I n  order 
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The hematopoietic system i s  known t o  be sensi t ive t o  the e f fec ts  o f  
i on i z ing  radiat ion.  Disturbances o f  production o f  both white and red 
blood c e l l s  has been observed fol lowing rad ia t ion  exposure. These 
disturbances lead to a var ie ty  o f  diseases including septicemia, anemia 
and leukemia. Studies a t  Lawrence Berkeley Laboratory, Brookhaven 
National Laboratory, and H o l i f i e l d  National Laboratory as wel l  as a t  a 
number o f  un ivers i ty  laboratories involve an assessment o f  normal 
function o f  t h i s  system. 

The immune system comprises the f i r s t  l i n e  o f  defense o f  the body against 
infect ious and malignant diseases and i s  sensi t ive t o  a number o f  chemical 
and physical agents. Studies a t  Frankl in McLean Memorial Research 
I n s t i t u t e  and a number o f  un ivers i t ies  are focused on how the immune 
system functions and i s  perturbed. The r o l e  o f  immunosuppression and/or 
possible v i r a l  ac t i va t ion  i n  the development o f  rad ia t ion  induced tumors 
i s  under inves t iga t ion  a t  the Pac i f i c  Northwest Laboratory, the Argonne 
National Laboratory, the Universi ty o f  Ca l i fo rn ia  a t  Davis and the 
Inhalat ion Toxicology Research I n s t i t u t e .  These studies are u t i l i z i n g  
animal models o f  rad ia t ion  induced tumors developed from the resu l ts  o f  
the long-term t o x i c i t y  studies. 

Both the reproductive system and the developing embryo are sensi t ive t o  
rad ia t ion  which can induce s t e r i l i t y  o r  a var ie ty  o f  disease states i n  
the of fspr ing.  The Lawrence Livennore Laboratory and two un ivers i t ies  
are conducting studies o f  normal development. Studies a t  the Pac i f i c  
Northwest Laboratory are examining the embryotoxic and teratogenic 
effects o f  prenatal ly administered plutonium, americium and curium. 

Pulmonary i n j u r y  and neoplasia development are wel l  documented e f fec ts  o f  
inhaled alpha-emitting radionuclides a t  high doses i n  experimental animals. 
Studies are under way a t  the Pac i f i c  Northwest Laboratory and the 
Inhalat ion Toxicology Research I n s t i t u t e  to determine the underlying 
mechanism o f  the damage. These include studies on the biochemistry o f  
collagen synthesis i n  the development o f  pulmonary f ib ros is  and studies 
on the synthesis o f  pulmonary surfactant i n  normal and i r rad ia ted  lung. 
The inflamnatory response o f  the lung fol lowing rad ia t ion  i n j u r y  i s  being 
investigated and compared t o  the response of the lung t o  other types of 
i n ju ry .  The r o l e  and funct ion o f  the pulmonary macrophage i n  pulmonary 
clearance and i n  the pathogenesis o f  pulmonary disease i s  also under 
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investigation. 
pulmonary neoplasia and the cells a t  risk from inhaled radionuclides it 
i s  essential that additional information be obtained on the kinetics of 
the pulmonary cells. Studies on the turnover times of lung cells have 
been in i t i a t ed .  

In order t o  better understand the development of 

The skeleton i s  a s i te  for the eventual deposition of many radionuclides. 
Studies have shown that the critical cell for the development of bone- 
related tumors are located on bone surfaces. Thus  one critical factor i n  
interspecies comparison is the rate of bone remodeling for  man and other 
species, and qualitative and quantitative studies of this nature are being 
conducted a t  several laboratories. 

Studies are under way a t  the Argonne National Laboratory, the Los Alams 
Scientific Laboratory and the University of Utah to  develop an under- 
s tanding of the chemical binding and subcellular localization of 
p l u t o n i u m  and o ther  transuranium radjonuclides. With a better under- 
s tanding o f  the kinetics of transport and cellular b inding  a more rational 
approach t o  such factors a s  interspecies differences in the metabolism of 
these elements and their eventual removal from the body can be made. 
has been shown that plutonium i n  the blood is transported by the iron 
binding protein transferrin. Studies have been initiated to  determine 
how this protein releases plutonium into the liver and skeleton and how 
this mechanism might  be precluded i n  order t o  prevent the deposition of 
the plutonium in to  these organs. 

I t  

Genetic Studies 
The previous discussion has addressed itself t o  research on the somatic 
effects of these transuranic radionuclides. Research on the genetic 
effects of these radionuclides has also been initiated. Although much 
of the work on genetic effects of radiation has employed external sources 
because of the greater precision of dosimetry, most of this work, 
especially t h a t  related to  the mechanisms of mutation, is also directly 
applicable t o  radiat ion from internally deposited radionuclides such as 
the actinides. Research on the genetic effects of internally deposited 
radionuclides has been limited to  those cases where specific questions 
relate t o  the properties of the radionuclide and/or the effects of i t s  
incorporation i n t o  the genetic material, or the effects of some specific 
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radionucl i d e  t h a t  may c o n s t i t u t e  a special occupational o r  environmental 

hazard. 

While the deposi t ion o f  plutonium and transplutonium elements i n  the 
gonads o f  mamnals i s  very low ( less than .l% o f  t h a t  i n  the blood) there 
i s  concern f o r  the p o t e n t i a l  genetic e f f e c t  o f  t h i s  deposi t ion due t o  the 
densely i o n i z i n g  alpha p a r t i c l e s  from these radionucl ides. Studies t o  
de l ineate the genetic e f fects ,  i f  any, o f  plutonium have recent ly  been 

i n i t i a t e d  a t  Argonne National Laboratory. This study i s  designed t o  
determine uptake and r e t e n t i o n  c o e f f i c i e n t s  f o r  plutonium i n  the gonads, 
t o  determine the m i c r o d i s t r i b u t i o n  o f  the dose w i t h i n  the gonads, and t o  
assess any genetic damage by determining dominant l e t h a l  mutation rates 
and chromosome aberrat ions. 

The Inha la t ion  Toxicology Research I n s t i t u t e  a t  Albuquerque, New Mexico 
i s  s tudy ing the r e l a t i v e  b i o l o g i c a l  e f fect iveness o f  external  r a d i a t i o n  
sources and o f  i n t e r n a l l y  deposited radionuclides, inc lud ing  transuranic 

elements, i n  producing chromosomal aberrat ions i n  l i v e r  c e l l s .  The 
r e l a t i v e  ef fect iveness o f  a un i formly vs. non-uniformly d i s t r i b u t e d  dose 
i n  causing chromosome aberrat ions i s  a lso being studied. 

A t  the Inha la t ion  Toxicology Research I n s t i t u t e  rhesus monkeys were 
exposed t o  aerosols o f  239Pu02 i n  order  t o  achieve a wide range o f  lung 
burdens. 
aberrat ion rates i n  cu l tu red  blood lymphocytes a t  various times post- 

i n h a l a t i o n  exposure. This study re la tes  t o  the reported increase i n  
chromosome aberrat ions i n  lymphocytes o f  occupational workers who 
acc identa l l y  inhaled plutonium. However, the external  r a d i a t i o n  exposure 

h i s t o r y  o f  the workers complicates the i n t e r p r e t a t i o n  o f  the chromosome 
aberrat ions. 

These monkeys are being s tud ied t o  determine chromosome 

C. SUMMARY 

I n  sumnary, cur ren t  research i n v e s t i g a t i n g  the biomedical e f f e c t s  o f  inhaled and 
ingested alpha-emitt ing radionucl ides, espec ia l l y  those of the transuranic elements, 
i s  being supported across a broad spectrum o f  d i s c i p l i n e s  and i n t e r e s t s  extending 
from acute sub-ce l lu lar  e f f e c t s  s tud ies t o  l a r g e  scale long-term low-level t o x i c i t y  

studies i n  animals and t o  human epidemiological studies. These numerous e f f o r t s  
are expected t o  expand the e x i s t i n g  l a r g e  plutonium data base and are designed t o  

provide in format ion so t h a t  informed judgments can be made i n  a t ime ly  manner. 
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A1 though information from a1 1 o f  these s t u d i e s  c o n t i n u a l l y  will be 
accumulatinq, i nd iv idua l  p r o j e c t s  a r e  expected t o  be completed over  
varying per iods of  time, extending from three t o  approximately twenty 
yea r s  depending upon the specific a r e a  of i n v e s t i g a t i o n .  Ultimately,  
the agqregate results of these proarams w i l l  provide a more d e f i n i t i v e  
body of knowledge upon which  t o  a s ses s  t h e  biomedical effects i n  man 
of low-level exposure t o  the alpha-emi t t i n g  radionucl ides .  
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SECTION I11 H 

ALTERNATIVE LONG-TERM 
ENERGY SYSTEMS OPTIONS 



INTRODUCTION 
1 The Administrator of ERDA i n  h i s  Findings on the LMFBR Program PFES stated that: 

”The PFES amply demonstrates the need t o  continue research, development 
and demonstration of the LMFBR concept. There i s  no presently available 
o r  prudent al ternat ive t o  th i s  course o f  action, This technology holds 
the promise o f  an essential ly inexhaustible source o f  energy t o  sa t i s f y  a 
s ign i f i can t  share o f  t h i s  Nation’s energy needs i n  the next century. While 
LMFBR technology i s  not the only technology which may be able t o  sa t i s f y  
th i s  objective, s ign i f icant  uncertain t i es  concerning timely avai 1 abi 1 i ty 

o f  the other major candidates, which are solar e lec t r i c  and fusion energy, 
make i t  r i sky  and imprudent t o  discard the LMFBR Program on the basis o f  
what we presently knon. 
r e l i a b i l i t y  that  these alternate technologies w i l l  be avai lable on time and 
i n  adequate quantity. 
would be environmentally preferable t o  the LMFBR technology. Moreover, while I 
do not adopt any par t icu lar  g rmth  projection, including those-postulated 
i n  the PFES, I cannot now discount the poss ib i l i t y  that  contr ibutions from 
a l l  three technologies w i l l  be desirable o r  needed t o  meet future energy 
demands. The possible needs are such, and the promise o f  energy from 
inexhaustible sources so great, that  a l l  three technologies must be pursued 
on a p r i o r i t y  basis.” 

It i s  simply too soon t o  confirm wi th  su f f i c i en t  

It i s  speculative a t  t h i s  time that  these options 

Since the LMFBR Program PFES (Section I1  o f  t h i s  Statement) was prepared, the 
Energy Research and Development Administration has been established. ERDA has a 
much broader charter i n  the energy research and development area than the Atomic 
Energy Commission and has the responsibi l i ty  f o r  the research and development o f  
a l l  promising energy production systems, non-nuclear as w e l l  as n u c l e a r .  

I n  the process o f  carrying out i t s  responsibi l i ty  i n  t h i s  area, ERDA has prepared 
“A National Plan f o r  Energy Research, Development and Demonstration,” ERDA-48, 
which i s  “designed t o  achieve solutions t o  energy supply system and associated 
environmental problems i n  (a )  the immediate and short-term ( t o  the ear ly 1980’s); 
(b) the middle term (the early 1980’s t o  2000); and (c) the long term (beyond 

2 

2000) . ,I3 

The two technologies which the Administrator singled out as major candidates i n  
addit ion t o  the breeder t o  provide an essent ia l ly  inexhaustible source o f  energy 
t o  sat is fy  a s ign i f icant  share o f  the Nation‘s energy needs i n  the next century 
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were s o l a r  e l e c t r i c  and fusion. These have been c l a s s i f i e d  along w i t h  

as " ' Inexhaust ib le '  Sources f o r  the Long Term" (See ERDA-48, p. S-6.). 

the breeder 

Since ERDA has developed a comprehensive o v e r a l l  energy program plan, 

appropriate t o  update the information provided i n  the  PFES w i t h  in format ion on the 
research, development and demonstration programs planned by ERDA and described i n  
ERDA-48 t o  explore the  p o t e n t i a l  o f  s o l a r  and fus ion  energy and attempt t o  b r i n g  
t h e i r  promise t o  f r u i t i o n .  
program and Section I11 H.2 describes the fus ion  energy programs which are c a r r i e d  
out  i n  two d isc re te  programs. 

programs involves the use o f  magnetic f i e l d s  t o  confine a plasma o f  fus ion  fue ls ,  
wh i le  the other  emphasizes the use o f  high-energy, short-pulse lasers focused on 
s u i t a b l e  thermonuclear p e l l e t s  t o  compress, heat, and i g n i t e  the f u e l  t o  release 
the fus ion  energy. The primary mot iva t ion  o f  the  laser - fus ion  program i s  toward 

m i l i  t a r y  appl icat ions,  b u t  the technology has s i g n i f i c a n t  p o t e n t i a l  f o r  app l i ca t ion  
as an e l e c t r i c a l  energy production system. The laser - fus ion  program i s  c l a s s i f i e d  
i n  ERDA-48 as a "Non-Energy Program w i t h  Poten t ia l  Energy Applications." 

t i s  

Section 111 H . l  describes the  s o l a r  e l e c t r i c  energy 

As described i n  Section 11, 6A.1.6 one o f  these 
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I11 H.l  

6A.5S SOLAR ELECTRIC ENERGY PROGRAM 

The objectives and approach t o  attainment o f  the so la r  e l e c t r i c  energy program are 
provided i n  ERDA-48, Volume 1 
the program are expanded upon i n  Volume I1 o f  ERDA-48 and a por t ion  o f  t h i s  
information i s  presented i n  the fo l lowing mater ia l .  

2 and are reproduced i n  Table I11 H-1. The de ta i l s  o f  

1. OBJECTIVES 

a. Near-Term (-1985) 

To develop technologies and data bases f o r  f u tu re  implementation of 
v iable ccomnercial manufacturing f a c i l i t i e s  and comnercial solar e l e c t r i c  
generating plants by the rnid-l980's, through R&D programs and Federally- 
sponsored tes ts  and demonstrations o f  these plants by 1985. 

By 1985, the technology provided by the RD&D program, i f  adopted by 
industry, w i l l  be capable o f  supporting comnercial production o f  about 

9 10 x 10 WHe per year, saving about 20 m i l l i o n  bar re ls  o f  petroleum per 
year, The range o f  power production capacity contr ibuted by the various 
types o f  systems, as normalized t o  an equivalent load fac to r  o f  0.6, 
would be by 1985: 

1.0 t o  2.3 GWe from wind energy conversion systems. 
0.1 t o  0.3 GWe from solar photovoltaic conversion systems. 
0.05 t o  0.1 GWe from so lar  thermal conversion systems. 
0.05 t o  0.1 GWe from ocean thermal conversion systems. 

b. Mid-Term (-2000) 

By 2000, continued canmercial implementation o f  the technology being 
9 developed could supply about 500 x 10 KWHe per year, saving about one 

b i l l i o n  barrels o f  petroleum per year, The range o f  power production 
capacity contr ibuted by the various types o f  system, as normalized t o  
an equivalent load fac to r  o f  0.7, would be by 2000: 

20 t o  35 GWe from wind energy conversion systems. 
30 t o  60 We from solar  photovoltaic conversion systems. 
20 t o  35 GWe from solar  thermal conversion systems. 
10 t o  25 GWe from ocean thermal conversion systems. 
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Table I11 H-1 

SOLAR ELECTRIC 

Objective Approach t o  Attainment 

To develop and demonstrate technologies . Develop several technologies fo r  commer- 
fo r  the collection and conversion of c ia l  assessment: wind  systems will be 
solar  energy to  e l e c t r i c  energy t o  make i n i t i a l  contributors; photovoltaic and 
possibli. an i n i t i a l  annual energy con- solar thermal f o r  peak/intermediate 
tr ibution before 1985 and a moderate 
contribution (up  t o  4.5 Quads) by 2000. 

e l e c t r i c  load applications ; and ocean 
thermal f o r  base load i n  the long-term. 

improve system efficiencies and reduce 
component costs leading to demonstration 
projects joint ly  funded by industry/ 
u t i  1 i ties. 

. Sponsor research and development to 

. Develop approaches f o r  dealing w i t h  
i n s t i t u t iona l ,  legal and regulatory 
problems i n  parallel w i t h  technology 
development. 

. Conduct by 1985 a comprehensive national 
solar  resource assessment. 

. Establish i n  1976 the Solar Energy 
Research Ins t i t u t e  t o  a s s i s t  i n  the 
advancement of solar  energy use and i n  
t ransfer  o f  information and technology. 

. Mi 1 es tone targets : 
--1979-1982: 1-10 &(e) scale wind 

sys tems 
--1985: Lower cost of photovoltaic 

elements by 1000-fol d 
--mid-l98O's: 100 h ( e )  solar thermal 

demonstration p l  ant 
--late 1980's: 25 Mw(e) ocean thermal 

p i lo t  plant 
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crs c. Long-Term (t2000) 

By 2020, continued commercial exploitation of solar electric technology 
9 developed could potentially supply over 2000 x 10 KWHe per year, 

corresponding t o  a potential savings of 3.3 billion barrels o f  oi  
year. 

2. STRATEGY 

Several technologies pursued i n  this program will have different costs 

per ' 

and 
load matching characteristics. Therefore, several should be pursued until i t  
i s  clear which are most effective and cost competitive w i t h  alternative 
existing systems. 
pilot plants and demonstrations shown i n  the program are estimated fo r  
planning purposes only and are subject t o  results of R&D projects and 
availability of budgeted funds i n  future years .) 

( I t  should be emphasized t h a t  the number and schedule of 

Industry, as well as public uti l i t ies and other types of users, should be 
involved i n  the formative years t o  accelerate the development and implemen- 
t a t ion  of solar electric energy systems and t o  assure t h a t  economic, technical 
o r  other problems affecting the broad application of these technologies are 
addressed w i t h i n  the program. 

The Federal roles will be t o  undertake and coordinate RD&D t o  improve 
performance-to-cost ratios, reduce techno-economic risks and uncertainties, 
and verify the estimated operational characteristics o f  solar electric systems 
so t h a t  the public and private sectors can evaluate their economic viability. 
A program of demonstrations will be undertaken t o  stimulate public and user 
acceptance and to  provide the basis fo r  eventual large-scale application of 
solar electric power. 

Federal support will also be given t o  advanced and h i g h  risk research 
associated w i t h  solar energy technology development, whose economic benefits 
cannot be fully captured by individual companies. This involvement will be 
through federally funded, programnatically related tasks w i t h  universities, 
industrial organizations and other Federal laboratories. 

3. SOLAR ELECTRIC SYSTEMS 

The program is organized under four sub-programs: 
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. 

. Solar Photovoltaic Conversion 

. Solar Thermal Conversion 

. Ocean Thermal Conversion 

Wind Energy Conversion Systems (WECS) 

T h i s  pr ior i ty  ranking is  based on the near-term power production capacity 
objectives of the four types of solar  e l ec t r i c  systems and on t h e i r  present 
state-of-the-art. 

a. Wind Energy Conversion 

Problems 

Techno1 ogi cal : 

. The intermittent nature of the wind and the wide geographical and 
seasonal variations i n  the avai labi l i ty  of this energy source 
requires e i the r  supplementary enerqy storage capabili t ies o r  
inter- t ies  o f  wind energy conversion systems (WECS) w i t h  conventional 
energy systems. The projected h i g h  capital  costs o f  i n i t i a l  large- 
scale WECS prototypes (i.e. 100KGle, rated, o r  larger) need to be 
reduced by a factor o f  2 to 4 fo r  such systems t o  be competitive 
over very large regions w i t h  conventional systems i n  u t i l i t y  
applications. 
advanced systems configurations could achieve this goal. 
o f  lifetime of large-scale WECS are uncertain because of 
insufficient data on operational dynamics of rotors. A t  present, 
there are inadequate capabili t ies to predict r ea l i s t i ca l ly  the 
wide characterist ics of potential WECS s i t e s  and to estimate 
accurately the power output o f  WECS units, o f  a specific design, 
located a t  these s i t e s .  
design data available for  large-scale systems (particularly large- 
scale m u l t i - u n i t  systems) and inadequate information on user 
interface and operational requirements that  are needed to 
accurately optimize and standardize these systems and to determine 
appropriate and viable applications f o r  them. 

Cost reductions i n  the area of rotors, h u b s ,  and 
Estimates 

In addition, there are inadequate system 

Insti tutional : 

. Present inst i tut ional  problems include: (1)  insufficient infonna- 
tion on possible environmental effects  of large mu1 t i - u n i t  WECS 
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such as possible radio and television doppler interference caused 
by rotating WECS blades; ( 2 )  insufficient understanding of possib 
legal and regulatory questions, such as ''wind rights"; (3) 
uncertainties i n  the public acceptability of large quantities o f  
WECS units on the aesthetics of such units, i f  they are located, 
for example, on scenic shorelines and mounta in  tops; and (4 )  

e 

uncertainties i n  the availability of sufficient investment capital 
and experienced personnel to  meet the WECS growth rate required to  
produce a significant impact on the Nation's energy requirements i n  
the near- and mid-terms. In  a d d i t i o n ,  the present acceptability t o  
public uti l i t ies of large-scale WECS is limited by their intermittent 
operational characteristics. These will be acceptable when WECS are 
used i n  a "fuel saver" mode; hmever, their use to  supply base load 
capacity for u t i  1 i t y  networks w i  11 require large associated energy 
storage capabilities or  backup by conventional systems for electrical 
genera ti on. 

Inpl emen t a t i  on 

Applications of WECS will require a wide range of WECS sizes; therefore 
a para1 1 el imp1 emen ta t ion  approach has been adopted, consisting of the 
development, test  and demonstration of a series of WECS systems of 
increasing sizes and power o u t p u t  capabilities, supported by a series 
of R&D projects and studies of institutional constraints. 

ERDA and NASA have begun tests on a 100-KWe system, and will complete 
the preliminary designs of several follow-on 500-KW and MW-scale systems 
in 1975. 100-We and 1 to 2-We systems could be Operationally t e s ted  
i n  specific applications i n  1977. Improved systems that incorporate 
advanced features resulting from the R&D projects could then be 
developed and operationally tested i n  the late 1970's. In the early 
1980's a series of networks of multiple Individual units w i t h  total 
output  capacities of 10- and 100-MWe could be incrementally installed 
and tested. 

Methods of improving the performance-to-cost ratios o f  the types of WECS 
systems described above will be explored through a series of projects 
that address rotor dynamics, aerodynamics, construction techniques and 
system economics. 
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Advanced system designs, us 
concepts, will be examined. 

ng vertical  axis rotors, diffusers and vortex 

Projects will be undertaken tha t  examine various possible agricultural 
applications of WECS including electrolyzing water t o  produce hydrogen 
fo r  on-site f e r t i l i z e r  manufacturing, direct  heating and crop drying. 
The capability to  rapidly locate and assess sites w i t h  sufficiently h i g h  
average wind velocit ies f o r  WECS viabi l i ty  will be addressed through 
modeling, boundary layer flow, wind tunnel t e s t s ,  and s t a t i s t i c a l  
analyses. Separate studies of environmental effects ,  pub1 i c  acceptance 
and legal/ insti tutional problems will attempt to  quantify these issues 
and determine their possible impact on the viabi l i ty  of large-scale WECS 
appl ications. 

Mission and systems studies, a t  both the national and local levels will 
provide program coherence and will define regional potential ,  user 
requirements and interfaces, standardization factors and cost  goals i n  
various applications and climatic zones, w i t h  particular emphasis on 
identifying specific applications not requiring extensive energy storage. 

b. Solar Photovoltaic Conversion 

Problems 

Technological : 

. The present technological problems of solar  photovoltaic conversion 
systems, r e s u l t i n g  from the seasonal and geographical variations and 
the diffuse nature of the energy source, require large collection 
areas f o r  arrays and the avai labi l i ty  of e i the r  supplementary energy 
storage capabi l i t ies  or  inter- t ies  w i t h  conventional energy systems. 
The present costs of materials and processing f o r  photovoltaic 
arrays are a factor  of 50 t o  100 too h igh  fo r  such systems t o  be 
competitive w i t h  conventional systems fo r  widespread applications. 
In addition, there is a mismatch of the low voltage DC output of 
photovoltaic collectors t o  the requirements for  many applications. 
There is also a lack o f  adequate t e r r e s t r i a l  operational performance 
standards and test data f o r  optimal system design, as well as 
incomplete identification of possible applications and environmental 
impacts. Some designs tha t  are being considered exhibit  low 
efficiencies and limited endurance and lifetimes i n  t e r r e s t r i a l  
environments. 
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Institutional : 

. Various possible constraints to rapid system implementation include 
possible ecological impacts of large arrays. 

Imp1 ementation 

Projects are planned through the mid-1980's to improve technical design 
efficiency, re l iab i l i ty ,  lifetimes and energy payback times of solar 
photovoltaic conversion systems through studies on: 

Crystal growth 
Low-cost si l icon solar arrays 
Encapsulation 
A1 ternative materials 
Promising concentrator devices 
Operating and maintenance procedures 
Testing and standards 
Long-term energy storage f o r  independent operations 
Power conditioning and electrical  uti1it.y g r i d  interfacing 

Automatic manufacturing and testing processes and techniques for  solar 
photovoltaic conversion systems will be pursued whose objectives are t o  
achieve a production of solar arrays w i t h  a market price of $500/peak Kw 
by 1985 and a solar array production capability of a t  least  50 We peak 
by 2000, w i t h  a market price of $100 t o  $300 per kilowatt. A demonstration 
and information dissemination program will be carried out as a Federal 
responsibility. A series of federally-sponsored tests, demonstrations, 
and applications of solar photovoltaic conversion systems, w i t h  a total 
installed capacity of a t  l eas t  100 MWe (peak) could be ini t ia ted by 1984. 
A series of studies will be conducted to determine possible environmental, 
legal, societal ,  o r  insti tutional impacts, as well as mans of removing 
these types of constraints, i f  any, on public and user acceptability. 

c. Solar Thermal Conversion 

Problems 

Technological : 

. Present technological problems of solar thermal conversion systems 
r e s u l t i n g  from seasonal and geographic variations and the diffuse 
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nature of the energy sources require large collector arrays and 
either supplementary energy storage capabilities and/or inter-ties 
wi t h  conventional energy systems. There are, a1 so, engineering 
risks and uncertainties, particularly with central receivers. A t  
present there i s  a lack of adequate test d a t a  and operational 
performance standards required for optimal system design, as well as 
incomplete identification of possible environmental impacts. 

Inst tutional : 

Present uti l i t ies will be impacted i f  large numbers of solar thermal 
systems are integrated in to  their networks, taxing their capacity 
dur ing  low insolation periods. 
solar thermal facilities must be consistent w i t h  long term technical 
objectives. The use of solar thermal technology must be compatible 
with state and regional regulation of public utility power networks, 
and utility interface, maintenance, and operational control of solar 
thermal to t a l  energy systems must be resolved. 

In addition, selection of early 

Imp 1 erne n t a t i on 

1976-1 979 

n 

System, subsystem, materials, environmental and socio-economic studies 
will be conducted t o  identify concepts which are economical and address 
institutional issues. 

Parallel contracts will be awarded i n  1975 for  system concepts, 
preliminary design, subsystem hardware and testing for the central 
receiver solar thermal electric power pilot plant. Site selection, 
design, and construction of a 5-MWt solar thermal central receiver test 
facility should be completed i n  1976-1977 and the facility could be fully 
operational i n  mid-1978. 

Three additional concepts may be pursued in the late 1970s: 

. Design and construction of several 10-We pilot plants (e.g., central 
receiver and distributed collector, w i t h  the latter being preceded 
by a test facility) . 

I11 H-10 



. Design and construction of total energy systems for military, 
institutional, industrial, and residential application t o  collect 
da ta  on the technical feasibility and probable operating costs of 
such applications. 

Preliminary design o f  hybr id  solar thermal systems such as solar 
thermal-fossi 1 fuel , photovol t a i  c-sol a r  thermal. 

. 

1980-1 985 

Based on results of research completed i n  the late 1970s the following 
concepts may be pursued in the early 1980s: 

. Tests which integrate the 10-We central receiver pilot plant i n t o  a 
utility g r id .  

Continue w i t h  the testing o f  advanced hardware and components a t  test 
faci 1 i ti es . 

. 

. Construction of a 100-We demonstration plant jointly funded by 
hardware manufacturers and the utility industry. 

Detailed design of distributed collector demonstration plant. . 

1985 and Beyond 

Demonstration plants could be completed and operational experience w i t h  
these plants utilized i n  the design of subsequent connnercial p lan ts .  

d. Ocean Thermal Enerqy Conversion 

Problems 

Technological : 

. Heat-transfer rates for large volume f lows  and unusually large heat 
exchangers and potential associated corrosion need to be identified. 
Component work will include: ocean engineering problems, low 
pressure turbine designs, large-scale technology, and unusually 
large diameter cold water pipes designed for deployment to depths of 
several thousand feet. 

Institutional : . 

. Environmental impacts associated w i t h  circulating large quantities 
of ocean water need to  be determined and weighed. Implications of 
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navigational rules, maritime c e r t i f i c a t i o n  and 1 icensing requirements 
and resource-recovery structures associated wi th  the Laws-of-the-Sea 
need to be examined. 

Imp1 emen t a t i  on 

The proposed development program f o r  ocean thermal conversion systems i s  
comprised o f  system de f in i t i on  and the development o f  c r i t i c a l  components, 
followed by prototype and demonstration units. 

F a c i l i t i e s  should be established on both land and sea f o r  t es t  and 
evaluation o f  c r i t i c a l  components and subsystems. Supportive studies 
should be i n i t i a t e d  f o r  ident i fy ing possible barr iers t o  optimum 
implementation and t o  explore energy conversion, storage and del ivery 
systems. Depending on t e s t  resul ts and supporting studies, a fu l l -sca le 
f l oa t i ng  prototype ocean thermal power p lant  my be constructed i n  the 
198O's, as resul ts warrant. For the prototype, a fu l l - s i ze  platform and 
pipe would probably be equipped w i th  one power-module o f  what could 
eventually be a four module plant. That platform could investigate the 
f e a s i b i l i t y  o f  e l e c t r i c i t y  production and the capabi l i ty  t o  produce 
other products, such as f e r t i l i z e r s  and fuels such as hydrogen. The 
fol lowing projects may be pursued p r i o r  t o  1980: 

System design, c r i t i c a l  component research and development, and 
studies o f  biofoul ing, materials problems, energy delivery, and 
legal and environmental issues can be i n  progress. 

Conceptual and engineering design o f  a land based t e s t  f a c i l i t y  would 
be i n i t i a t e d  and conceptual design o f  a sea based t e s t  f a c i l i t y  w i l l  
be completed. 

The land-based f a c i l i t y  could be completed by 1979 and tests on 
i n i t i a l  heat exchanger designs comnenced. 

Projects i n  the 1980s my include: 

. The design, construction, deployment and test ing o f  a f l oa t i ng  25-Mw 
prototype Ocean thermal energy conversion system, followed by i t s  
expansion i n t o  a 100-IF1We demonstration. 
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4. OTHER FEDERAL AGENCIES 

Research and development i n  the solar electric energy field i s  also being 
conducted i n  government agencies other t h a n  ERDA. A brief description of 
these complementary efforts follows. 

a. 

b. 

C. 

d. 

e. 

National Science Foundation 

. Determine characteristics o f  materials for photovoltaic energy 
conversion. 

Establish parameters and configurations for evaporators and turbines 
for  open cycle thermal conversion systems. 

Establish feasibility of h igh-absorp t ion  coatings for solar 
col 1 ectors . 

. 

. 

. Identify problems of Brayton Cycle as a possible candidate for 
solar thermal conversion. 

National Aeronautics and Space Administration 

. Manage the project to  establish feasibility of low-cost silicon 
solar arrays. 

Demonstrate economic and reliable wind energy systems. 

Satellite Solar Power Systems Study. 

. 

. 
Department o f  Comnerce 

. Study feasibility of selected a1 ternative materials for low-cost 
solar cells (for example, cuprous oxide). 

Department o f  Defense 

. 

. Purchase of solar cells for isolated stations. 

Advanced Solar Cell Concept Evaluation. 

Department of Agriculture 

. Demonstrate farm and remote area wind energy applications. 

Figure I11 H-1' provides projected milestones for achievement of the goals of 
the four solar electric systems being studied. 
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I11 H.2 
6A.1.6S FUSION ENERGY PROGRAMS 

1. MAGNETIC CONFINEMENT PROGRAM 

The overall objective of the magnetic confinement fusion energy program is defined 
ir; ERDA-48:2 

"To conduct the necessary research and development t o  demonstrate the 
technical, engineering, and comnercial feasibi l i ty  of producing e lec t r ic  
power from controlled nuclear fusion to  make possible a very major energy 
contribution i n  the post-2000 period." 

The following table provides the breakdown of the overall fusion energy objective 
for the magnetic confinement program into three different time frames: 
mid-term and long-term. 

near-term, 

Table I11 H-2 

FUSION ENERGY PROGRAM OBJECTIVES 

Near-Term (-1985) : Produce reactor level hydrogen plasmas. Produce substantial 
quantities of thermal energy i n  the First Fusion Test Reactor 
us ing  Deuterium-Tritium fuel. 

Produce electr ical  energy i n  substantial quanti ties i n  two 
Experimental Power Reactors between 1985 and 1990. Operate 
comnercial scale Demonstration Power Reactor (1997). 

Begin supplying a fraction of the Nation's electrical  energy 
demand. 

Mi d-Term (-2000) : 

long-Term (+2000) : 

The overall approach to  meeting the fusion energy program objectives will be to  
build and operate a ser ies  of progressively larger experimental devices to provide 
needed knowledge of fusion plasma physics and engineering under prototypical fusion 
reactor conditions. 
systems and serve as the basis for  the design and operation of fusion power 
reactors. Table I11 H-3 provides additional detai ls  regarding this approach. 

T h i s  will permit an evaluation of the different types of fusion 

A combination of industrial ,  academic, and National laboratory resources will be 
used w i t h  funding support from the u t i l i t y  industry, where possible, t o  expand the 
scope, hasten the pace, and prepare the technology for full commercialization. 

I11 H-16 



There are four major subprograms i n  the Magnetic Confinement Fusion Energy Program - 
Confinement Systems, Tokamak Fusion Test Reactor, Development and Technology, and 
Research. The technological problems and implementation plans f o r  these subprograms 
are given i n  Table I11 H-4. Figure I11 H-2 provides the projected milestones f o r  
achieving each o f  the four sub-program goals. Additional de ta i l s  regarding these 
subprograms are presented i n  ERDA-48, Volume 2, Program Implementation, pp. 84-92. 

Table 111 H-3 

APPROACH TO ATTAINMENT OF MAGNETIC CONFINEMENT FUSION 
ENERGY PROGRAM OBJECTIVES 

~~~ ~~ ~~ ~ ~- ~ 

Provide major Federal support t o  high r i sk ,  high potent ia l  payoff fusion 
R,D&D experiments and tests 

Develop both magnetic and i n e r t i a l  confinement approaches 

--Use Tokamak concept as most promising magnetic confinement approach 
--Develop other al ternat ives such as: magnetic m i r r o r ,  theta pinch, 

laser fusion and electron beam fusion 

Encourage near-term industry par t i c ipa t ion  using i ndus t r i a l  contractors 
f o r  new f a c i l i t i e s ,  subsystem supply 

Demonstrate reactor leve l  conditions o f  magnetic confinement f r o m  the 
Princeton Large Torus, Doublet 111 o r  Tokamak Fusion Test Reactor 
f a c i l i t i e s  now underway and s c i e n t i f i c  breakeven i n  i n e r t i a l  confinement 
using laser  o r  electron-beam f a c i l i t i e s  under construction o r  development 

Move program or ien ta t ion  f r o m  physics t o  engineering. Design and operate 
e lec t r i ca l  power generating reactors i n  mid-1980's 

Design progressively la rger  experimental devices leading t o  j o i n t l y  
funded demonstration reactor p r i o r  t o  2000 

I11 H-17 
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Table I11 H-4 

TECHNOLOGICAL PROBLEMS AND IMPLEMENTATION PLANS - MAGNETIC CONFINEMENT FUSION ENERGY SUBPROGRAMS 

Subprogram Technological Problems Imp1 ementation P1 ans 

Confinement . Inability of present experimental da ta  and 
Sys tems theory to permit full evaluation of fusion 

power concepts. . Auxiliary heating systems for tokamaks, 
stabil iza t ion  techniques for high-density 
systems, plasma formation techniques for open 
systems, and superconducting magnets for all  
three systems are not yet fully developed. 

U 
U 
U 

I Tokamak Fusion . Fabricate and operate a fusion energy pro- 
A Test Reactor ducing system capable of achieving fusion of 

deuterium and t r i  t i u m  repeatedly under reactor 
conditions. 
laws of fusion reactor physics. 
essential components and ga in  needed fusion 
reactor experience. . Acceptabil i t y  of the safety and envi ronmental 
reports for the project s i te .  . Experimental results, theory, and the develop- 
m e n t  of suitable high-energy neutral beam 
injectors from other subprograms will provide 
required support when needed. 

engineering of future confinement experiments, 
fusion tes t  faci l i t ies ,  and  fusion power systems 
must be provided. 

Extend the transport and scaling 
(TFTR) Q) 

Develop 

Development . The near-term technological basis for the 
and 
Techno1 ogy 

Demonstrate and perfect heating and containment 
o f  h i g h  temperature plasma while optimizing the 
plasma configuration t o  minimize required mag- 
netic fields i n  tokamak systems. Three large 
tokamak experiments will be built and o erated 
by 1980. The high-density (theta pinch! and the 
open system (magnetic mirrors) options will be 
further developed. T h i s  work will be aimed a t  a 
possible decision i n  the 1979-1981 time period 
on proceeding w i t h  a second fusion tes t  reactor 
based on one of these concepts. 

The TFTR design i s  based on existing technology 
in most areas. Neutral beam injection hardware 
i s  being developed (see Development and 
Technology Subprogram) specifically for TFTR 
project requirements. 
will use hydrogen and deuterium plasmas to  gain 
basic physics da ta  and  assure proper operation 
of all components before proceeding w i t h  D-T 
operation. 

Init ial  operation of TFTR 

Neutral particle injection, resonant radio- 
frequency heating, and direct energy conversion 
sys tems w i  1 1 be investigated. 



c 
Table I11 H-4 - (continued) 

TECHNOLOGICAL PROBLEMS AND IMPLEMENTATION PLANS - MAGNETIC CONFINEMENT FUSION ENERGY SUBPROGRAMS 

Subprogram Technological Probl ems Implementation Plans 

Development . Intermediate-term engineering experience t o  
design, construct, and operate large-scale 
fusion power reactors will be developed. . Long-term industrial experience and capabi 1 i ty  
for the design and fabrication o f  reactor 
components and complete reactor systems has not 
been fully established. 

and 
Techno1 ogy 

Development of superconducting magnets, magnet 
technology, superconducting energy storage coils 
and systems, superconductors, superconducting 
switches and homopolar machines will be 
conducted. 
testing superconducting magnets for tokamaks and 
mirrors , inductive and i nerti a1 energy storage 
and switching systems for all major fusion 
approaches. 

S ix  major development areas leading to  proof 
testing and selection of candidate fusion 
reactor materials are as follows: surface 
radiat ion effects; bulk rad ia t ion  effects; 
dosimetry, damage analysis, modeling, and 
simulation; materials selection and development; 
materials engineering; and neutron source 
development. This i s  a major long-lead-time 
effort critical t o  the success of the program. 

Fusion systems studies will coordinate blanket 
and shield engineering, plasma engineering, 
tritium recovery and control, and reactor 
fueling i n t o  composite total fusion reactor 
systems which will successfully demonstrate 
successive experimental steps leading to tech- 
nically feasible and economically viable, 
integrated power reactor systems. 

Early identification and resolution of both 
environmental and safety problems for  specific 
fusion facilities will be accomplished as they 
are conceived, designed and built for  the fusion 
power program as a whole. 

Included will be building and 



Table I11 H-4 - (continued) 

TECHNOLOGICAL PROBLEMS AND IMPLEMENTATION PLANS - MAGNETIC CONFINEMENT FUSION ENERGY SUBPRO MS 

Subprogram Techno1 ogical Pmbl ems Imp1 ementation P1 ans 

U 
U 
Y 

I 
I 
N 
0 

Res ea rch . A grea t ly  increased analyt ic and computational 
capabi13ty i s  required t o  model the behavior o f  
fusion systems. . New diagnostic techniques and methods o f  plasma 
heating and production must be developed t o  meet 
the needs o f  future fusion systems. . Advanced concepts must be explored and tested 
as possible backup systems and/or possible 
ul t imate improvements over present concepts. . The atomic, molecular, and nuclear cross- 
sections and propert ies must be measured t o  
provide be t te r  understanding o f  the propert ies 
of the plasma i n  fusion systems. 

Theoretical and experimental research w i l l  be 
conducted to  explore new methods o f  plasma pro- 
duction and heating, t o  determine atomic, 
molecular, and nuclear cross-sections spec i f i c  
t o  the CTR program, t o  develop and demonstrate 
new diagnostic techniques, and t o  study novel 
fusion concepts. A substantial p a r t  o f  t h i s  
work w i l l  be conducted i n  un ivers i t ies  where i t  
w i l l  provide a means o f  t ra in ing  the new 
sc ien t i s t s  t h a t  the growth o f  the fusion program 
w i l l  require. 

A CTR Computer Center and associated User 
Service Centers w i l l  be used f o r  Plasma simula- 
t ions and theoret ical  calculat ions and u l t imate ly  
t o  p red ic t  operating character ist ics of fusion 
power plants. Computational a c t i v i t y  on 
expected plasma propert ies w i l l  be necessary f o r  
the design of future reactor experiments. This 
w i l l  require a substantial increase i n  CTR 
computing capabi 1 i ty because o f  the compl ex i  t y  
o f  these calculat ions. 

Close coordination w i th  the various research 
communities i n  Government, industry, and 
un ivers i t ies  w i l l  be maintained t o  ensure cross- 
t ransfer o f  resu l ts  and t o  avoid unnecessary 
dupl icat ion o f  e f f o r t .  
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CONFINEMENT SYSTEMS 

PRINCETON LARGE TORUS (PLT) WILL BEGIN 
OPERATING AT PPPL TO STUDY SCALING IN SIZE 
AND PLASMA TEMPERATURE 0 

MIRROR I 

TORUS OR LARGE SECTOR I 

DEMONSTRATE TEMPERATURE SCALING IN A MAGNETIC 

DEMONSTRATE PLASMA STABILITY IN A THETA PINCH 

OPERATE THE POLOIDAL DIVERTOR EXPERIMENT (PDX) 
AT PPPL TO STUDY IMPURITY CONTROL 0 

DECISION TO PROCEED WITH A SUPERCONDUCTING 
TOKAMAK (TTAP) TO DEMONSTRATE MANY OF THE 
TECHNOLOGIES NECESSARY FOR AN EXPERIMENTAL 
POWER REACTOR &...----- 4 

OPERATE THE DOUBLET Ill AT GENERAL ATOMIC TO STUDY 
THE STABILITY AND FEASIBILITY OF TOKAMAK PLASMAS 
WITH NONCIRCULAR CROSS-SECTION AT REACTOR-LIKE 
CONDITIONS e 

TOKAMAK FUSION TEST REACTOR 

SELECT THE PRINCIPAL INDUSTRIAL SUBCONTRACTOR FOR 
THE TFTR, BASED UPON THE EVALUATION OF REQUESTED 
PROPOSALS A 

COMPLETE DEVICE CHECKOUT, INITIATE PLASMA OPERATIONS 
AND OPTIMIZE PLASMA CONFINEMENT AND HEATING 
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RESEARCH 

OPERATE THE INITIAL CONFIGURATION OF THE DEDICATED 
NATIONAL CRT COMPUTER CENTER, ITS ASSOCIATED 
NETWORK AND FIVE USER SERVICE CENTERS. DECISION 
TO DEVELOP A CLASS VI COMPUTING CAPABILITY FOR 
INSTALLATION ON THE COMPUTER NETWORK IN FY 1977. r 

COMPLETE INITIAL DEVELOPMENT OF A 3-DIMENSIONAL 
COMPUTER SlMl LATION CAPABILITY FOR APPLICATION 
TO TFTR AND EPR SYSTEMS - 

___ ~~ 

DEVELOPMENT AND TECHNOLOGY 

DECISION TO BUILD A SUPERCONDUCTING MAGNET 
FABRICATION AND TESTING FACILITY FOR PROTOTYPE 
COILS FOR EPR-I &-4---0-...-- I 

OPERATE ROTATING TARGET NEUTRON SOURCE 

OPERATE INTENSE NEUTRON SOURCE 

COMPLETION OF THE COMPACT TORUS TO TEST 3 METER 

c-6 
&-.----m 0 

BORE SUPERCONDUCTING MAGNET COILS IN A TOROIDAL 
CONFIGURATION &.------a 

PROVIDE LARGE NEUTRAL BEAM HEATING SYSTEMS FOR 
MAJOR NEW DEVICES: 

4 MW FOR PLT 

10 MW FOR DOUBLET Ill 

50 MW FOR TFTR 

DECISION TO BUILD AN EPR-I AND SELECTION FROM 
ALTERNATIVE CONCEPTUAL DESIGNS 

8 START A DECISION COMPLETE - APPROVED PROJECT -0- POTENTIAL PROJECT 

MAGNETIC CONFINEMENT - FUSION ENERGY SYSTEMS MILESTONES 
Figuf-e I11 H-2 (cont'd) 



2. LASER FUSION PROGRAM 

As mentioned i n  the Introduction t o  Section I11 H ,  the laser  fusion program was 
ini t ia ted w i t h  emphasis on i t s  potential military applications. B u t ,  i n  the course 
of the research and development e f for t ,  i t  became evident that  i t  m i g h t  have the 
potential for  application as an electr ical  energy production system. Because the 
research and development effort is  common i n  many areas for  both the military and 
civil ian applications the following discussion, derived from ERDA-48,' describes 
the laser fusion research and development program i n  general b u t  addresses i t s e l f  
only to the objectives oriented toward civi l ian applications. 

The objectives of the program are the demonstration of the principles of laser 
fusion and development of military and civil ian applications. The civi l ian appli- 
cations relate  to  ut i l izat ion o f  laser  fusion technology for  the development of 
energy related materials research capability, fuel production and e lec t r ic  power 
production. 

Table I11 H-5 describes the approach to  attainment being used t o  a t t a i n  these 
objectives. 

Table 111 H-5 

APPROACH TO ATTAINMENT OF OBJECTIVES - LASER FUSION PROGRAM 

Vigorous research and development and applications core 
program w i t h i n  the ERDA National Security 1 aboratories. 

Make f u l l  uti1 ization of unique university and industrial 
capabi 1 i t i e s  i n  suppor t  of the core program. 

Support  broad-based effor ts  i n  universities and industry 
to  complement and extend t h e  national laser f u s i o n  
program base. 

The technological problems encountered i n  the laser  f u s i o n  program and the imple- 
mentation plans for  resolving the problems and achieving the objectives of the 
program are  provided i n  Table I11 H-6. Finally, Figure I11 H-3 provides the 
milestones projected for  the laser  fusion program. 

I11 H-23 



Table I11 H-6 

TECHNOLOGICAL PROBLEMS AND IMPLEMENTATION PLANS - LASER FUSION PROGRAM 

j 

~ 

I 

Technological Problems Implementation Plans 

. Laser-matter interactions are not completely 
understood. . Developing consistent theoretical models of 
physical phenomena. . Developing diagnostic instruments and method- 
ology to measure and confirm the physical 
phenomena. . Developing the h igh  power, short pulse laser 
and e-beam systems w i t h  sufficient f lexibi l i ty  
to deliver the requ i r ed  energy/time profile 

. Developing applications methodology and 
U U 

U on target. 
I 
N devices : 
P - simulation devices - test systems - engineering systems and subsystems 

. Demonstration o f  laser and electron beam 
induced compressions has been accomplished. . Significant thermonuclear burn (1-10% of D-T 
fuel i n  pel le t  consumed) is the next milestone 
and is expected to  be accomplished i n  the 
1977-1 979 period. . An R&D program for  the laser  system to achieve 
the sc ien t i f ic  break-even and net energy gain 
m i  1 es tones conti nues . . The simplicity, efficiency, and relatively low 
cost of re la t iv i s t ic  electron beam generators 
make this concept promising for  fusion applica- 
tion, and the Electron Beam Fusion Facility to 
be completed i n  1979 will provide the capability 
t o  prove the basic concepts of e-beam fusion. . Suppor t ing  R&D continues to acquire diagnostics, 
materials, and control technology for  the program. . An operational test system is postulated by 
the mid-1980's and a demonstration plant for  the 
mid-1990's. . Additional military applications will be 
developed as identified and defined from the 
basic research program. 
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I NTW DU CT I O N  
LmJ 

This s e c t i o n  conta ins t h e  Admin i s t ra to r ' s  Findings on t h e  L i q u i d  Metal  Fast  Breeder 

Reactor (LMFBR) Program Proposed F i n a l  Environmental Statement (PFES) , WASH-1535, 

and a d d i t i o n a l  m a t e r i a l  used by t h e  Admin i s t ra to r  i n  reaching these Findings. 

Sect ion I V  A i s  t h e  Findings on t h e  LMFBR Program PFES issued by D r .  Seamans, the  

Admin is t ra tor ,  on June 30, 1975. 

Sect ion I V  B i s  t h e  June 20, 1975 Report o f  t h e  I n t e r n a l  Review Board t o  t h e  
Admin i s t ra to r  on t h e  LMFBR Program PFES. The I n t e r n a l  Review Board consis ted of 
f o u r  sen io r  ERDA o f f i c i a l s  n o t  p rev ious l y  i nvo l ved  i n  t h e  Statement's preparat ion,  
and was commissioned by t h e  4dmin i s t ra to r  t o  undertake an o b j e c t i v e  and comprehensive 
review o f  t he  PFES. 

i s t r a t o r ,  D r .  John M. Teem, Ass i s tan t  Admin is t ra tor  f o r  Solar ,  Geothermal and 
Advanced Energy Systems, D r .  James S. Kane, Deputy Ass i s tan t  Admin i s t ra to r  f o r  
Conservation, and D r .  S. W i l l i a m  Gouse, Deputy Ass i s tan t  Admin i s t ra to r  f o r  F o s s i l  

Energy. 

The merhers o f  t h e  Board were M r .  Robert W .  F r i  , Deputy P.dmin- 

Sect ion I V  C conta ins reviews o f  t h e  PFES by 4 knowledgeable s c i e n t i f i c  and 

techn ica l  i n d i v i d u a l s  ou ts ide  o f  ERDA. These reviews were requested by D r .  Seamans 

t o  a s s i s t  him i n  h i s  review o f  t h e  PFES. These reviews were performed b y  

M r .  Walter H. Zinn, a consu l tan t  and former Combustion Engineering, Inc.  execut ive,  

D r .  A l v i n  M. Weinberg o f  t h e  I n s t i t u t e  f o r  Energy Analysis and former D i r e c t o r  o f  
t he  Oak Ridge Nat ional  Laboratory,  Mr. Donald B. Rice, P res iden t  o f  t h e  Rand 

Corporat ion,  and D r .  Cyril L. Comar, D i r e c t o r  o f  t h e  Environmental Assessment 
Department, E l e c t r i c  Power Research I n s t i t u t e .  

I V - 1  



- . ...... . ... .. . . . 

SECTION I V  A_ 

ADMINISTRATOR'S FINDINGS ON THE 
L I Q U I D  METAL FAST BREEDER REACTOR PROGRAM 

PROPOSED FINAL ENVIRONMENTAL STATEMENT 



UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

1. In reaching the findings set forth herein, I have reviewed the 

foliowing materials: 

(a) The Proposed Final Environmental Statement (PFES) on the 

Liquid Metal Fast Breeder Reactor ( W B R )  Program issued by the 

former A t d c  Energy Commlssion (AEC) in December 1974; 

(b) Connnents thereon received from government agencies and 

members of the public; 

(c) The record of a public hearing on the PFES conducted 

May 27-28, 1975, by a R e v l e w  Board composed of the Deputy Administrator, 

the Assistant Administrator for Solar, Geothermal, and Advanced Energy 

Systems; the Deputy Assistant Administrator for Fossil Energy; and 

the Deputy Assistant Administrator for Conservation (none of whom 

had previously been involved in the preparation or review of the PFES); 

(d) 

(e) 

The report of the Review Board; 

Zhe written views of several knowledgeable scientific and 

technical iadivfdualr outside the Energy Research and Development 

Adminir tration (ERDA) . 
Im addition, I have considered the PFES in relation to the comprehensive 
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plan fo r  energy research, development and demonstration, covering solutions 

t o  ehort-term, middle-term and long-term energy supply systems and 

aesociated environmental problems, vhich ERDA i s  submitting t o  the Congress 

on June 30, 1975, i n  fulfi l lment of Section 6 of the Federal Nonnuclear 

Energy Research and Development Act of 1974, P.L. 93-577, enacted 

December 31, 1974. 

2. The PFES was prepared by the  AEC t o  comply with the decision 

of the U.S. Court of Appeals, M s t r i c t  of Columbia C i rcu i t ,  in 

Sc ien t i s t s '  I n s t i t u t e  f o r  Public Information, Inc., V. Atomic Energy 

Commiedon et al., 481 P.2d 1079 (June 12, 1973). 

tht Federal agencies must conduct comprehensive eavironmental reviews of 

major technology development prograam, and coneider, a t  an appropriate 

time p r io r  t o  any i r r eve r s ib l e  cQPmitnrant, t he  projected impacts of 

eventual conmetcia1 deploymaot of the technology being developed. 

Court considered t h a t  i t  wa8 then timely and feasible  and hence required 

by the National Environmental Policy A c t  of 1969 (NEPA) t o  issue a etateatent 

011 the environmental impact of the LMFBR Pregram as a whole, including 

ramif icet iom of commercial deployment and a l t e rna t ive  courses of action. 

This decision established 

The 

3. In accordance v i t h  guidelines of the Council on Environmental 

Quality (CEQ), the PFES wa8 f i r s t  issued i n  a d r a f t  form f o r  public comment. 

After consideration of extensive public and agency comments submitted 

i n  writ ing and a t  a public hearing, it wai subsequently prepared in f i n a l  

form. 

vironmental StataPlarrt, i n  view of the f o r t h c d n g  eotablfshment of ERDA 

H a s a v s r ,  the ABC i e r w d  it  i n  December 1974 a8 a Proposed Final En- 
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on January 19, 1975, and the realization that future decisions 011 such a 

significant long-term developmental matter were properly for EIWA to 

make. Issuance in this form permitted ERDA, in accordance with the AEC's 

recommendation, and with the concurrence of CEQ, to provide another round 

of public comment and another public hearing on the Statement and the 

LMFBR Program. 

4. ERaA inherited the developmental responsibilities of the AEC, 

but not its regulatory powers. 

the Nuclear Regulatory Commission (NRC), which is independent of ERDA 

in every way. ERDA's determinations to pursue developmental programs 

are, of course, not binding on NRC, and under section 202 of the Energy 

Reorganization Act, LMFBR's for commercial demonstration are subject to 

licensing by the NRC. 

These were assigned to a new agency, 

5. In addition to the AEC's developmental role in nuclear energy, 

ERDA was given strong statutory mandates to conduct research, development 

and demonstration programs in nonnuclear energy sources. See, cog., the 

Federal Nonnuclear Energy Research and Development Act of 1974, the 

Solar Energy Research, Development, and Demonstration Act of 1974, and 

the Geothermal Energy Research, Development and Demonstration Act of 1974. 

Construing all theae nuclear and nonnuclear statutory mandates in harmony 

with each other, we believe that the role of ERDA is to generate an array 

of  safe, round, envSronutentallg compatible energy technology options €or 

rrlection and ure by the country as a whole. ERDA i r  not to dictate which 

choicer are to be made, but rotlier to araure that choicer toll be made. 
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O f  course, ERDA must establ ish p r i o r i t i e s  among possible courses of action, 

and ERDA must accord special  weight t o  the environmental consequences of 

i t s  developmental decisions. 

reporting, and adhering t o  a comprehensive energy research, development, 

and demonstration plan with par t icular  a t tent ion t o  the environmental 

problems associated with al ternat ive solutions t o  energy supply system 

needs. 

on June 30, 1975, is t o  be revised annually and submitted t o  Congress 

concurrently with the submission of the President's budget. 

ERDA i s  a l so  charged with preparing, 

This plan, the f i r s t  edi t ion of which is  being sent t o  the Congress 

6. 

of the AEC, that  ERDA has reviewed the PFES on the LMPBR Program. 

basis of this review of the record, the comments by agencies and members 

of the public, the views of the experts outside of ERDA, and the Report 

of the ERDA R e v i e w  Board (which I hereby adopt), and from the insights  I 

have gained i n  preparing the comprehensive plan, I make the following findings. 

It i s  from t h i s  perspective, which naturally d i f f e r s  from that 

On the 

7. The PPES amply demonstrates the need t o  continue research, 

development and demonstration of the LHPBR concept. 

available or prudent a l t e rna t ive  t o  thfr course of action. 

holds the promise of an essent ia l ly  inexhaustible source of energy t o  

s a t i s f y  a signif icant  share of t h i s  Nation's energy needs i n  the next 

century. 

able to s a t i s f y  thie  objective, s ignif icant  uncertainties concerning t imely 

ava i l ab i l i t y  of the other  major cendidater, which are rolar e l e c t r i c  and 

furion energy, make it  risky and imprudent t o  discard the tMFBR Program 

There i s  no presently 

This technology 

While LMFBR technology i r  not the only technology which may be 
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on the basis of what we presently know. 

with sufficient reliability that these alternate technologies will be 

It is eimply too soon to confirm 

available on time and in adequate quantity. 

time that these options would be environmentally preferable to the LMFBR 

technology. 

including those postulated in the PFES, I cannot nw discount the posei- 

bility that contributions from all three technologies will be desirable or 

It le speculative at this 

Moreover, while I do not adopt any particular growth projection, 

needed to meet future energy demands. The possible needs are such, and 

the promise of energy from inexhaustible sources so great, that all three 

technologies must be pursued on a priority basis. 

8. In the light of these considerations, only a demonstration that 

the LMFBR can not be developed as a safe, environmentally sound and 

economically competitive energy source would justify a decision to dis- 

continue the program. 

adopt the conclusion of the PPES and the Review Board that the significant 

problems identified in the LMFBR concept may be solved by a continuation 

of the Program. 

The record before us does not so indicate. I 

9. At the same time, these significant problems, as identified by 

the Board, including i n  particular those related to reactor safety, 

safeguards, health effects, and waste management, remain unresolved at 

thir time. 

bo nuda to placr LWBR's into widespread coPrmarcia1 use. I cencur with 

thr Board that rr8aarch, development and demonstration are needed to resolve 

thorr uuttarr and that the PFES a8 i t  stand6 i s  not and cannot bo 8 conclusive 

They m r t  be resolved satisfactorily before any decision may 
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or satfefectory assessment of the environmental impact of a fully comer- 

ciallred breeder reactor industry. 

and demonstration program does not prejudge any decision concerning the 

conunercialization of this technology. 

Continuation of the research, development 

I concur with the Board that while 

these two questions are related, they can be separated from each other. 

1 find that continuation of the L W B R  Program at this time would not lead 

inexorably or irresistably to a full "breeder econoq,l' if further work were 

to demonstrate that the problems of the breeder cannot be resolved. 

Specifically, I do not find that completion of the Clinch River Breeder 

Reactor (CRBR) project, 

to widespread commercialization. 

surely refuse to license breeder reactors if there were an ERDA finding 

that major problems were unresolvable. At the same time, as indicated 

above, NRC (unlike the former AEC) would be in no way bound by an ERDA 

* an integral part of the Program, is tantamount 
As a practical matter, M C  would almost 

environmental impact statement or an ERDA recommendation that the technology 

was ready for commercial use. Nor do I find that continuation of the program 

at this time would inevitably short-change the other technologies we must 

develop. 

new appropriations and are proceeding as rapidly as possible consistent 

with prudent management and efficient use of public monies. 

Indeed, these other programs are receiving substantially increased 

10. It will be necessary over the next few months to carefully 

reoxmine the current developmental program to be sure that it is most 

f It i r  noted that the CRBR is subject to a separate 
rite-opecific environmental impact statement, which 
will be losued in connection with the application 
for licensing o i  the demonstration plant. 
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efficiently structured to solve the problems that need solution. 

weakness of the PFES is that aside from termination no alternatives are 

presented to continuing the program precisely as set forth in the PFES. 

As Administrator, I need to consider alternative methods of conducting 

the program to be sure that - 

A mjor 

(a) the research, development and demonstration activities are 

properly directed to resolve the remaining technical, environmental, and 

economic issues in a definitive and timely way; 

(b) these issues are resolved before a final decision concerning 

the acceptability of comercia1 deployment is made; and 

(c) test and demonstration facilities that ate needed in the 

LMFBR Program are conservatively designed to protect the health and safety 

of the public and to provide useful information for subsequent environmental, 

economic, and technical assessments. 

11. The PFES will be supplemented or amended, as appropriate, to 

reflect these conclusions and provide the information called for above. 

The resulting document, which will constitute E3DA's Final Environmental 

Statement and complete the NEPA process on this action, will be issued 

within approximately three months. Meantime, the Program will be carried 

foward at the rate and level of authorization reflected in Congressional 

action on the budgetary propoealr ERDA has recently submitted. 

CRBR Project har been rubetantially delayed, this decision entaila no 

onvironmmtally irrevrrribla action during thie period and for substantially 

mora than thirty days after the Final Statemeat ie ireued. 

Because the 
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12. ERDA will maintain continuing scrutiny on the LMFBR research, 

ERDA clearly has development and demonstration program as it develops. 

the responsibility to make a deteradnation whether commercial deployment 

of the LMFBR concept is warranted, although It is also true that no 

commercialization is possible without favorable licensing action by NRC. 

Accordingly, as the program develops and significant new information 

pertinent to the commercial deployment issue is generated, ERDA will update 

the existing Environmental Statement or prepare a Supplement to it, or 

even a new Statement, as may be appropriate and consistent with the National 

Environmental Policy Act. On the basis of this updated record, together 

with the periodic revision of the LMFBR Program, and the annual updating 

of the Comprehensive Energy Research and Development Plan, ERDA will 

subsequently evaluate the environmental acceptability and economic feasi- 

bility of widespread commercial use of LMFBR's. 

consideration Will take place before any codtment to widespread commercial 

use becomes irreversible. At the same time, ERDA will pursue, as vigorously 

as result-oriented management will permit, programs for long-term energy 

technologies that can be evaluated by this agency, the Congress, and the 

marketplace as alternatives or supplements to breeder reactors. 

In concluding, I observe that the PFES is a faithful, and in many 

To be meaningful, this 

13. 

vryr, remarkable performance. Perhaps it i s ,  as some commentators have 

rrretted, more rtronglp ~'promotlonal" than a severely-rtated scientific 

rrcital would be. I can accept that criticism without agreeing that it 

dirqurlifier the document as a ureful (if not exclusive) foundation for 
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ERDA'e decisional process, In discounting the promotional tone, I note 

that ERDA does not have a partiality towards any single form of energy. 

We feel it to be totally consistent to carry on the LMFBR Program and, 

at the same time, to carry on the fullest kind of research and development 

into nonnuclear technologies, at a pace limited only by the need to build 

up the new programs efficiently and effectively. 

14. Finally, I want to acknowledge the thousands of hours many 

devoted people have spent in preparing, reviewing, and criticizing this 

voluminous document. 

part of both those who support this development program and those who 

oppose it, particularly the possible commercialization application. 

my belief that the intensity of the review process has assured, and will 

It is indeed an impressive accomplishment, on the 

It is 

7 continue to assure, that difficult choices are soundly made. 

Robert C. Seamans, Jr. 
Administrator 

June 30, 1975 
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Report t o  the  Administrator 

By memorandum, dated Apr i l  9 ,  1975, the  Administrator of ERDA 

commissioned t h i s  In t e rna l  Review Board t o  undertake an objec t ive  

and comprehensive review of t he  Proposed Fina l  Environmental Impact 

Statement (PFES) on the  Liquid Metal Fas t  Breeder Reactor (LMFBR) 

Program which has been prepared pursuant t o  the  National Environmental 

Pol icy Act (NEPA). 

wealth of w r i t t e n  views submitted i n  response t o  a s o l i c i t a t i o n  of 

comments i n  the  Federal  Regis ter  (40 F.R. 3804) and the  record of an 

informal publ ic  hearing ,conducted by the  Board on May 27-28, 1975. 

We have a l s o  drabm upon the  spec ia l  exper t i se  which the  Board members 

br ing  t o  bear  wi th  regard t o  a l t e r n a t i v e  energy production and con- 

serva t ion  technologies i n  formulating the  f ind ings  and conclusions 

which a r e  set f o r t h  i n  t h i s  Report. 

The Board has evaluated t h e  PFES i n  l i g h t  of t he  

I. Scope and Method of Review 

In  accordance wi th  t h e  char te r  of t he  Board, t h i s  Report: i d e n t i f i e s  

t h e  i s s u e s  which a r e  re levant  t o  the  Adminis t ra tor ' s  dec is ion ,  p a r t i c u l a r l y  

as d isc losed  by the  comments; sets f o r t h  t h e  Board's f ind ings  on the  

adequacy of t h e  treatment of these i s sues  i n  the  PFES; considers  whether 

t he  opt ions  contained i n  t h e  PFES have been adequately evaluated and whether 

all relevant opt ions  have been considered i n  the PFES; and, where de f i c i enc ie s  

are i d e n t i f i e d ,  euggests measures, f o r  ensuring that the  record before  t h e  

Adminiacretor le rendered adequate f o r  decisionmaking. 
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Notably, the Board was not requested to resolve the outstanding 

issues or to formulate recommendations on the course of the LMFBR 

Program itself. 

that the Administrator's decision is soundly based rather than to 

interject its own judgments into the decisional process. 

view of the Board that a sufficient record for decisionmaking is one 

which is conducive to a deliberate consideratlon of the environmental 

and economic factors of the W B R  Program on its own merits and within 

the larger context of the range of actions reasonably available to 

achieve the objectives of that Program. 

The essential function of the Board has been to assure 

It is the 

In light of its mission, the scope of the Board's examination is 

reducible to two inquiries: 

1. Whether the discussion of issues in the PFES provides a 

sufficient basis for determining the acceptability of the 

environmental and economic aspects of the W B R  Program; 

Whether the discussion of alternatives in the PFES provides 

a sufficient basis upon which a reasoned choice may be made 

among available courses of action. 

In evaluating the sufficiency of the PFES, the Board has adopted an 

2. 

analytical approach which recognizes that ERDA's consideration of the 

environmental significance of this developing technology may entail a 

requence of incremental decisions concerning the course, timing and 

relative priority of the Program. A single, discrete decisional point 
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on the question of environmental acceptability is rendered impractical 

by the evolving nature of the technical, environmental and economic data 

which bear crucially upon ERDA's posture toward this Program. Accordingly, 

this Report endeavors to specify the types of decisions for which the PFES, 

in present or revised form, is considered to be sufficient and those 

for which it is not. 

Particularly, two types of decisions are distinguished. Since the 

impacts of widespread use of LMFBR's flow logically, if not inevitably, 

if ERDA successfully completes its research, development and demonstration 

(RD&D) task, we recognize that ERDA has a responsibility to consider the 

environmental consequences of not only the development of the technology 

but also its deployment.L' Thus, a crucial component of ERDA's environ- 

mental review and decisionmaking is to determine whether pursuing breeder 

technology to the point where it becomes available for commercialization 

is inadvisable. This entails consideration of whether the resulting 

environmental impacts will be unacceptable and whether alternative energy re- 

sources, more attractive from an environmental standpoint, are sufficiently 

certain to be realized to fill the gap left by an undeveloped LME'BR 

technology. ERDA's consideration of this matter, to be meaningful, must 

- 1/ This approach i s  consistent with the view reflected in the U.S. Court 
of Appeals' opinion in Scientists' Institute for Public Information 
v. e, (481 F.2d.1075 (D.C. Cir. 1973)) which mandated the environ- 
mental review of the LMFBR Program under NEPA; in the PFES (Preface, 
pp. 1-5 and Summary, p. 1.1-2); and in many of the comments which have 
bean Considered by the Board (most notably, those of the Environmental 
Protection Agency, see Comment Letter 84, p. 2; and Hearing Record, 
Tab 16, item 3 ) .  
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take place before the "technology attains the stage of complete comrncrcial 

feasibility," to borrow a phrase from the judicial opinion which mandated 

the envizonmental review of the LMFBR Program. Of course, if ERDA 

carries the research, development and demonstration (RD&D) effort to 

completion, the decision on commercialization will be made by regulatory 

agencies, which will also consider the environmental acceptability, and 

ultimately by the marketplace, largely on the basis of economic rather 

than environmental factors. 

In the judgment of the Board, it is both appropriate and convenient 

to detach the decision on the course of the LMFBR Program from the decision 

on the environmental acceptability of the mature technology L' for the 

purpose of judging the sufficiency of the PFES. 

The criteria which the Board applied in evaluating the PFES reflects 

this analytical approach. 

Board has reviewed the comments in order to determine whether the essential 

issues have been explicated in the PFES, and whether the information on 

these issues provides a reasonably firm ground upon which the environmental 

With regard to the discussion of issues, the 

- $1 The Board observes that the consideration of the environmental 
acceptability of the LMFBR technology in light of the full range 
of acceptable courses of action cannot be deferred entirely to 
the private sector or the Nuclear Regulatory Commission. Since 
these entities approach the matter from a different perspective, 
with different considerations and a different range of choices, 
their determinatione are not the functional equivalent of ERDA's 
distinct role. 
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and economic bene f i t s  of both til? iievelopment and the  depioyment of t he  

technology can be weighed aga ins t  the  env i r -men ta l  and economic cos t s  

and r i s k s .  The Board evaluated the  i ssues  o d y  Eo t he  ex ten t  t h a t  t h e i r  

treatment i n  the  PFES w a s  ca l led  i n t o  question by t he  commenters. I n  

determining whether the  discussion of the  cont rovers ia l  i s sues  is 

s u f f i c i e n t  f o r  dec is ion  making, t he  Board examined the  following f ea tu res  

of t he  PFES: 

1. 

2. 

3 .  

4. 

The degree of f a c t u a l  accuracy; 

The degree of completeness, including the  presenta t ion  of 

important adverse viewpoints; 

Its o b j e c t i v i t y ,  p a r t i c u l a r l y  concerning the  range of 

uncer ta in ty  a t tending  c r i t i c a l  parameters, analyses  o r  

conclusions; and 

The ex ten t  t o  which more r e l i a b l e ,  complete or  usefu l  

information may be developed i n  the  course of t h i s  o r  

o ther  programs. 

The Board has assessed the  discussion of a l t e r n a t i v e s  i n  l i g h t  of the  

objec t ives  t o  which t h e  LMFBR Program is  apparent ly  d i rec ted .  The 

d i s t i n c t i o n  which w e  have drawn f o r  decisionmaking purposes between the  

developmental program and the  deployment of t he  technology corresponds with 

the  dua l  ob jec t ives  of t he  LMFBR Program as we d iscern  them from the  PFES. 

one level,  t he  purpose of t he  Program is t o  provide a s o l i d  technological  

bas ie  by which it can be determined whether a sa fe ,  economically competit ive 

and environmentally acceptable  technology can.be developed. The second 

and ultimate purpose of t he  Program is t o  make ava i l ab le  t o  the  u t i l i t y  

A t  
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indus t ry  an acceptable  technology opt ion f o r  the  large-scale  commercial 

production of e l e c t r i c a l  energy. 

The dual ob jec t ives  of t he  LMFBR Program, i n  turn ,  def ine  two types 

of a l t e r n a t i v e s  which warrant considerat ion.  

developing the  technology a r e  comprised of a range of program plans 

involving va r i a t ions  on t iming, f a c i l i t i e s ,  research,  t e s t i n g ,  dec is ion  

poin ts  and s imi l a r  components. 

comparable l e v e l  of commercial production 01: e i e c t r i c i t y  cons is t  of 

var ious  "mixes" or  s t r a t e g i e s  of resource u t i l i z a t i o n ,  a l t e r n a t i v e  

technology development and conservation schemes which could s u b s t i t u t e  

i n  whole o r  i n  pa r t  f o r  t he  energy which would be provided by widespread 

use of LEWBR's .  For convenience, t he  f i r s t  l e v e l  of a l t e r n a t i v e s  w i l l  

be  r e fe r r ed  t o  as "programmatic a l t e rna t ives"  the  l a t t e r  as  "technological 

a1 t erna t ives  . 'I 

Alterna t ive  methods of 

Al te rna t ive  methods of achieving a 

The suf f ic iency  of t he  d iscuss ion  of a l t e r n a t i v e s  a t  each l e v e l  is 

judged by the  exent t o  which i t  provides a b a s i s  f o r  determining: 

1. 

2. 

3. 

Whether the  a l t e r n a t i v e s  are, o r  w i l l  be ,  reasonably ava i l ab le  

wi th in  the  period during which the  bene f i t s  of t he  LMFBR Program 

should accrue; 

I f  so, whether any such a l t e r n a t i v e s  would be more o r  less 

a t t rac t ive  than the  base program from the  s tandpoint  of 

environmental q u a l i t y  o r  net  economic bene f i t ;  and 

W h a t  s i g n i f i c a n t  unce r t a in t i e s  exis t  with respec t  t o  

theee determinat ions,  and when and how they may be resolved. 
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Applying t h e  fo rego ing  c r i t e r i a  t o  t h e  m a t t e r s  w i t h i n  t h e  scope 

of t h i s  review,  t h e  Board f i n d s  t h a t  t h e  PFES i s  comprehensive i n  

i d e n t i f y i n g  t h e  key i s s u e s  f o r  t h e  Admin i s t - s to r ' s  d e c i s i o n ;  t h a t  t h e  

d i s c u s s i o n  of i s s u e s  c r i t i c a l  t o  a d e c i s i o n  on t h e  cour se  of t h e  RD&D 

Program i s  reasonab ly  s a t i s f a c t o r y ,  w i t h  excep t ions  which are s p e c i f i c a l l y  

no ted ;  t h a t  t h e  t r ea tmen t  of t h e  in fo rma t ion  c u r r e n t l y  a v a i l a b l e  con- 

ce rn ing  t h e  i s s u e s  and t c c h n o l o g i c i .  a l t e r ; . _ t i v e s  necessa ry  f o r  an 

informed d e c i s i o n  on commercial izat ion is reasonab ly  complete and 

a c c u r a t e ,  b u t  i s  n e c e s s a r i l y  of l i m i t e d  v a l u e  f o r  determining whether 

a l t e r n a t i v e s  t o  an LMFBR economy w i l l  b e  a v a i l a b l e  and whether t hey  w i l l  

b e  more o r  l ess  p r o t e c t i v e  of environmental  q u a l i t y ;  and t h a t  t h e s e  un- 

r e so lved  matters are amenable t o  s o l u t i o n ,  p a r t i a l l y  o r  completely,  by 

f u r t h e r  RD&D e f f o r t s .  

C l e a r l y ,  t h e  most fundamental  weakness of t h i s  o the rwise  p rod ig ious  

document i s  i t s  f a i l u r e  t o  set f o r t h  and assess o p t i o n s  w i t h i n  t h e  Program. 

The PFES p r e s e n t s  t h e  LMFBR Program as though i t  must b e  accepted o r  

r e j e c t e d  as a whole,  t he reby  d e p r i v i n g  t h e  Adminis t ra tor  of t h e  oppor tun i ty  

t o  choose 

ava i lab1 e 

t h e  op t ima l  s t r u c t u r e  and pace from among t h e  f u l l  r ange  of 

courses. 

11. Issues Concerning the Environmental Impacts and 
Economics of the LMFBR Program 

The major and recurrent issues raised by commenters involve the 

saf e ty  of LMFBR's, the safeguarding of special  nuclear materials and 

f a c i l i t i e s  from incursions, the management of high-level radioactive 
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wastes ,  the  hea l th  e f f e c t s  a t t r i b u t a b l e  to  rout ine  and acc identa l  or 

i n t en t iona l  r e l eases  of rad ioac t ive  mater ia l s ,  and the  ana lys i s  of 

economic c o s t s  and b e n e f i t s  of t he  LMFBR Program. 

received de ta i l ed  i f  not  exhaustive treatment i n  the  PFES. The challenges 

These subjec ts  have 

of t he  commenters a r e  mounted with regard t o  r a the r  s p e c i f i c  omissions 

and i n f i r m i t i e s  i n  the  d iscuss ion  which i s  presented. 

A. Reactor Safety: 

The Board d iscerns  t h r e e  predominant i s sues  concerning the  PFES 

treatment of reac tor  sa fe ty :  

t h e t i c a l  core  d i s rup t ive  accidents  (HCDA) w i l l  be found t o  be  physical ly  

(1) while t he  PFES concludes t h a t  hypo- 

unrea l izable  and tha t  t he  upper bound consequences can be economically 

contained, c r i t i c s  argue t h a t  a s i g n i f i c a n t  degree of uncer ta in ty  a t t ends  

these  mat te rs  and renders  t he  expectat ions of the  PFES premature; (2) t he  

PFES and i ts  c r i t i c s  agree t h a t  subs t an t i a l  da t a  and ana lys i s  must be 

developed on t h e  design and performance of LMFBR components and in tegra ted  

systems before  the  r i s k s  of t he  LMFBR can be evaluated quan t i t a t ive ly ,  

but  t he  s ign i f i cance  of t h e  l ack  of r i s k  quan t i f i ca t ion  d a t a  f o r  present  

decisionmaking i s  subjec t  t o  disagreement; and (3) given t h e  unce r t a in t i e s  

i n  t he  cur ren t  s ta te  of knowledge, t h e r e  i s  a divergence of opinion as t o  

whether LMFBR’e can be designed and operated with adequate margins of 

ra f  e t y  . 
The assertion of the PFES t ha t  HCDA’s e i t h e r  w i l l  no t  occur or  can 

be economically contained is ca l l ed  i n t o  quest ion by comments of the  
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Nuclear Regulatory Commission L' which are echoed by the  Natural  

Resources Defense Council (NRDC) .2' 
(1) asse r t ions  t h a t  so lu t ions  can be found t o  p o t e n t i a l  design problems 

For example, NRC observes tha t  

a r e  not d e f i n i t i v e l y  supported i n  the  PFES; (2)  t he  conclusion t h a t  t he  

consequences of HCDA's could be contained wi th in  the  primary coolant 

boundary of the  r eac to r  i s  premature s ince  t h i s  matter i s  cu r ren t ly  under 

s tudy;  (3)  t he  cha rac t e r i za t ion  of KCDA energe t ics  may be understated;  

( 4 )  fu r the r  research is needed t o  evaluate  the  e f f e c t i v e  mechanical 

damage from p w e r  bu r s t s ;  (5) s ta tements  i n  the  PFES concerning fue l -  

coolant i n t e rac t ions  are presumptive s ince  i t  is not  apparent t h a t  a l l  

p o t e n t i a l  i n t e r a c t i o n  mechanisms have been i d e n t i f i e d ;  and ( 6 )  NRC 

cont raver t s  t he  PFES pos i t i on  t h a t  recent  assessments have diminished the  

estimates of HCDA consequences. The common theme running through the  NRC 

commentary i s  tha t  s i g n i f i c a n t  unce r t a in t i e s  remain t o  be resolved within 

the  LMFBR Program before t h e  sa fe ty  of LMFBR's can be  f i n a l l y  determined. 

We note  t h a t  t he  PFES contains  scant  information concerning the  

research  necessary t o  reso lve  the  outstanding sa fe ty  problems .I' However, 

much add i t iona l  information on t h i s  subjec t  w a s  submitted i n t o  t h e  hearing 

record by the ERDA staff.&' It indicates that the primary ef fort  of the 

- 11 
2J 

- 31 

Comment Letter 56 ,  pages 4-7. 

Comment Letter 5 5 ,  pages 5-24.; and hearing transcript, page 279. 

PFES Section 4 . 2 . 7  and Annex,A, p. 4.2-165. , 

- 4/ Hearing Record, Tab 15, items referring t o  pages 29-35 of the 
hearing tranecript . 
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ongoing s a f e t y  r e s e a r c h  i s  t o  e s t a b l i s h  t h a t  no except ions l i e  undetected 

wi th  r e s p e c t  t o  t h e  present  conclusion t h a t  t h e  precondi t ions  of HCDA'S 

r e l e a s i n g  s i g n i f i c a n t  energy cannot be m e t  i n  LMFBR's. 

planned research  a r e  expected between 1978 and 1980. 

concludes t h a t  completion of t h e  research w i l l  l i k e l y  permit conservat ive 

des igns  t o  g ive  way t o  more f u n c t i o n a l  and f l e x i b l e  approaches which w i l l  

inprove t h e  economics of t h e  r e a c t o r .  

Resul t s  of t h e  

The s t a f f  document 

The s t a f f  has  a l s o  supplemented t h e  hear ing record with information 

concerning t h e  development of r i s k  q u a n t i f i c a t i o n  methodologies f o r  

LWBR'S. L' 
the Program inc lude :  the  l i m i t e d  amount of opera t ing  data on components; 

t h e  l a c k  of d a t a  from la rge-sca le  p l a n t s ;  and t h e  l a c k  of d e t a i l e d  under- 

s tanding  of in-core phenomena. 

"branching-ratio" methodology of t h e  Rasmussen ana lyses  t o  LMFBR's. 

Development of t h i s  methodology w i l l  permit components and systems t o  

be ranked wi th  r e s p e c t  t o  t h e i r  r e l a t i v e  c o n t r i b u t i o n  t o  o v e r a l l  p l a n t  

r i s k .  I n  t u r n ,  t h i s  w i l l  e s t a b l i s h  p r i o r i t i e s  f o r  f u r t h e r  research  

and development of components and systems and provide r i s k  assessment 

procedures which can b e  u t i l i z e d  by mid-1985 f o r  s a f e t y  eva lua t ions  and 

l icensing.  

Sources of t h e  uncer ta in ty  which remain t o  be resolved w i t h i n  

The r e s e a r c h  w i l l  e n t a i l  adapt ing t h e  

NRDC and other c r i t i c s  of the LmBR technology argue that the 

PFES is a defect ive bas is  for a decision on the LMFBR Program i n  the 

absence of de f in i t ive  information on the energetics of HCDA's and a 

Hearing Record, Tab 15, items referring t o  pages 29-35 of the 
hearing transcript.  
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quant i f ied r i s k  ana lys i s .  

t i o n  i n  t h e  hearing record,  L' ind ica t e s  t h a t  unce r t a in t i e s  i n  these  

a reas  can be accommodated by conservat ive design of demonstration o r  

commercial r eac to r s .  The PFES exemplifies t h i s  approach by adopting 

On the  o the r  hand,. t he  PFES with amplifica- 

conservqtive assumptions, i n  t he  absence of quant i f ie i ,  da t a ,  i n  i ts  

presenta t ion  of r i s k s  from reac to r  accidents .  Thus, Table I1 6-2 - 
l is ts  the  cont r ibu t ion  t o  the  t ransuranic  r e l eases  from tabulated types 

of LMFBR acc idents  assuming ten-year i n t e r v a l s  between acc idents  f o r  

each such reac tor .  In  t h i s  ins tance ,  t he  conservat ive assumption as t o  

21 

frequency of occurrences i s  found t o  be inconsequent ia l  s ince  the  t o t a l  

estimated con t r ibu t i cn  from acc idents  is so t r i v i a l  t h a t  i t  is adequately 

accounted f o r  wi th in  the  f igu res  derived f o r  t he  rou t ine  r e l eases .  

The Board's evaluat ion of t he  record ind ica t e s  t h a t  s p e c i f i c  

information on the  d i r e c t i o n  and timing of research i n t o  these  reac tor  

s a f e t y  matters i s  a s i g n i f i c a n t  omission i n  the  PFES and t h a t  t he  research 

needs de t a i l ed  i n  the  s t a f f ' s  submissions i n t o  the  hearing record more 

accura te ly  r e f l e c t  t he  cur ren t  s t a t e  of technology than any suggestion 

i n  the  PFES t h a t  unce r t a in t i e s  have a l ready  been d ispe l led .  

these  d i f f i c u l t i e s ,  the  PFES presents  t he  cu r ren t ly  ava i l ab le  da t a  i n  

Aside from 

as much d e t a i l  a s  can be reasonably expected. Pa r t i cu la r ly ,  w e  were 

- 11 Hearing Record, Tab 5, i t e m  1, page 8 ;  Tab 15, i t e m s  r e f e r r i n g  
t o  pages 29,'34 and 35 of the  Hearing Transcr ip t ;  and Hearing 
Transcr ip t ,  pages 28-33. 

- 21 PFES, page 1I.G-7. 
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impressed with the  f a c t  that .answers t o  t h e  outstanding quest ions 

are t o  be found, i f  a t  a l l ,  by cont inuat ion of t he  RD&D e f f o r t s ,  a t  least 

f o r  the near-term. 

B. Safeguards: 

The treatment of t h i s  subjec t  i n  the  PFES has been a s sa i l ed  on a 

broad f ron t  . 
def ic ienc ies :  

performance t o  which t h e  safeguards program w i l l  be  designed, hence i t  

cannot be determined whether t he  l e v e l  of r e s idua l  r i s k  w i l l  be  acceptable;  

Commenters, p r imar i ly  NRDC ,L' a l l e g e  the  following 

(1) t he  PFES f a i l s  t o  c l e a r l y  a r t i c u l a t e  a standard of 

and (2)  t he  PFES f a i l s  t o  provide s u f f i c i e n t  d e t a i l  on the  safeguards 

program t o  permit a judgment as t o  whether t h e  objec t ives  can be achieved. 

I n  sum, i t  i s  a l leged  t h a t  t he  PFES f a i l s  t o  support  i t s  conclusion t h a t  

t he  r e s idua l  r i s k  w i l l  be  acceptably low. 

According t o  the  PFES, 2' t he  s tandard of performance which the  

safeguards program w i l l  be  designed t o  a t t a i n  i s  a l e v e l  of pro tec t ion  

t o  the  publ ic  which would not  increase  s i g n i f i c a n t l y  the  o v e r a l l  r i s k  

of death,  i n ju ry ,  o r  property damage from causes beyond the  con t ro l  of 

t he  individual .  NRDC f i n d s  the  s t a t e d  objec t ive  uninformative i n  t h a t  

i t  f a i l s  t o  ind ica t e  unequivocally whether e s s e n t i a l l y  zero r i s k  of 

involuntary casua l ty  from an  LMFBR economy is  achievable  o r ,  i f  no t ,  

- 1/ Comment Le t t e r  55, pages 48-60; see a l s o ,  t he  hear ing testimony 
of D r .  Barry Smernoff, Hudson I n s t i t u t e ,  t r a n s c r i p t ,  pages 80-98; 
Comment Letter 48, D r .  John T. Fdsall, Harvard Universi ty .  

- 2/ Page 7.4-3. 
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whether some g rea t e r  c~uantum of r i s k  is  deemed acceptable.  S t a f f  

testimony a t  t he  hear ing 1' i nd ica t e s  t h a t  a zero r i s k  safeguards 

system is not  considered f eas ib l e ,  bu t  t h a t  t he  goal  of t he  program 

is t o  reduce the  r i s k  t o  the  "absolute minimum" achievable.  

I n  view of t he  ambiguity, M D C  proposes t h a t  t he  l e v e l  of r i s k  

deemed acceptable  and achievable be made e x p l i c i t  i n  terms of the  

quant i ty  of deaths  and i n j u r i e s  and the  amount of property damage which 

would be considered to le rab le .  

t he  PFES. 

successfu l  d ivers ion  of spec ia l  nuclear  materials could be  extremely 

grave,  21 i t  does not  attempt t o  quant i fy  the  r i s k  on the  r a t i o n a l e  t h a t  

t he  frequency of such occurrence cannot now be estimated. 

This information is not  presented i n  

While the  PFES recognizes t h a t  t he  consequences of a 

More p rec i se  d e f i n i t i o n  of t he  safeguards r i s k s  and goals  is c e r t a i n l y  

re levant  t o  the  accep tab i l i t y  of an LMFBR economy. 

be l i eves  t h a t  f u r t h e r  research i n t o  the  safeguards concepts and technologies 

described i n  the  PFES 2' is a p re requ i s i t e  t o  the  pos tu la t ion  of s tandards 

of performance. 

p rec i se  quan t i f i ca t ion  of t he  r i s k s  t o  be incurred r a the r  than upon a 

necessa r i ly  imprecise pro jec t ion  of the  degree of protec t ion  deemed 

a t t a i n a b l e  i n  advance. W e  recognize,  of course,  t he  statement of objec t ives  

Moreover, t h e  Board 

Socia l  choices should be made on the  b a s i s  of a reasonably 

11 Hearing Transcr ip t ,  page 315. 

- 21 

- 31 

- 
PFES, pages 7.4-15 t o  25. 

Pages 7.4-30 t o  64. 
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o r  s tandards of performance i n  the  PFES is a l s o  r a the r  meaningless 

u n t i l  t he  r e s u l t s  of t h i s  research become ava i lab le .  

As i n  t he  area of reac tor  s a fe ty ,  t he  PFES asserts t h a t  ongoing 

s t u d i e s  w i l l  confirm the  conclusion t h a t  t h e  safeguards objec t ives  w i l l  

be m e t  i n  a t imely manner. - A n  abundance of add i t iona l  information 

on the  safeguards research  and development program has been submitted 

i n t o  the  hearing record by the  ERDA s t a f f .  2' This information, 

ind ica t ing  the  d i r e c t i o n  and timing of t he  e f f o r t s  t o  reso lve  safeguards 

unce r t a in t i e s ,  i s  genera l ly  not  presented wi th in  the  PFES. 

The supplemental materials d i sc lose  a number of s t r a t e g i e s  f o r  

upgrading and evaluat ing safeguards measures. 

monitors is  underway t o  reduce t o  gram q u a n t i t i e s  t h e  amount of materials 

which could pass  undetected outs ide  of cont ro l led  areas. 

accountabi l i ty  system is  under development t o  provide rapid and accura te  

measurements of material balances f o r  much smaller segments of p lan t  

Development of p o r t a l  

A material 

opera t ions  than w a s  previously possible .  This  type of con t ro l ,  it is 

claimed, r equ i r e s  a p o t e n t i a l  d i v e r t e r  t o  steal ma te r i a l s  i n  s u f f i c i e n t l y  

small q u a n t i t i e s  so t h a t  each removal wduld be masked by measurement 

unce r t a in t i e s .  To obta in  s i g n i f i c a n t  quan t i t i e s ,  a l a r g e  number of 

t h e f t s  must be committed with a concomitant high r i s k  of de tec t ion .  

- 1f Page 7.4-92. 

- 21 Hearing Record, Tab 15, items r e f e r r i n g  t o  page 27,  41 ,  319 and 324 
of t he  hearing t r a n s c r i p t ;  and staff testimony, page 36 t o  46 of 
hearing t r a n s c r i p t .  
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Effo r t s  addressed t o  improving t h e  design and evaluat ion of 

safeguards systems involve the ana lys i s  of event- t rees  and adversary 

ac t ion  sequences. It is the  Board's impression t h a t  t h i s  e f f o r t  has not  

progressed beyond the  problem d e f i n i t i o n  phase. Apparently, t he  na ture ,  

magnitude, and frequency of t he  problems and t h e i r  po ten t i a l  so lu t ions  

are l a rge ly  unresolved a t  t h i s  time. 

The consequences of successful  sabotage of LMFBR f a c i l i t i e s  o r  

t r anspor t a t ion  elements are deemed t o  be no g rea t e r  than those associated 

wi th  accident  scenar ios  assessed i n  the  PFES. - However, i t  i s  noted 

t h a t  add i t iona l  research i s  required t o  conf i n n  t h i s  conclusion. 21 Again, 

t he  degree of r i s k  i s  not  quant i f ied  due t o  the  unknown frequency of 

occurrences.  

Other concepts of po ten t i a l  advantage i n  containing safeguards-related 

r i s k s ,  ca l l ed  "minimization activit ies" a r e  l i s t e d  i n  the  PFES. - 3/ L i t t l e  

u se fu l  d i scuss ion  i s  provided concerning t h e  degree t o  which implementation 

of these  measures would reduce the  r i s k  of successfu l  adversary a c t i o n  

aga ins t  LMFBR f a c i l i t i e s .  

The testimony of D r .  Manson Benedict i n  the  t r a n s c r i p t  of the publ ic  

t h e  concept hear ing kl i s  informative on one of the  mi t iga t ion  measures: 

- 1/ 
- 2 1  PFES, page 1.4-12. 

- 3/ 

- 4 /  

PFES, pages 7.4-24 and 25. 

PFES, pages 7.4-60 and 7.4-80 t o  87. 

Pages 161 t o  166. 
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of loca t ing  f u e l  reprocessing p l an t s  and f u e l  f ab r i ca t ion  p l an t s  

a t  t he  same s i te .  

s tages  of t he  f u e l  cycle ,  D r .  Benedict is  of t he  opinion t h a t  t he  r i s k  

of d ivers ion  during t r anspor t a t ion  between such f a c i l i t i e s  could be 

minimized by such "colacation." 

economic advantages of t h i s  opt ion but  l a rge ly  neglec ts  t o  assess i ts  

s igni f icance  as a safeguarding measure. 

which would render vulnerable  materials unavai lable  o r  unsui tab le  f o r  

divers ion need t o  be f u l l y  expl icated before  the  l e v e l  of r e s idua l  r i s k  

can be ascer ta ined .  

Since undiluted plutonium is only ava i l ab le  a t  these  

The PFES d iscusses  a t  some length  the  

A l l  "minimization a c t i v i t i e s "  

Central  t o  t he  concern over t h i s  i s s u e  is the  percept ion that 

the  PFES f a i l s  t o  confront  t he  r e s idua l  r i s k  inherent  i n  any safeguards 

system which, by i ts  very na ture ,  can never a t t a i n  absolu te  per fec t ion .  

According t o  t h i s  view, even assuming t h e  success  of t he  ongoing research 

and development e f f o r t ,  and assuming the  implementation of minimization 

concepts,  t he  safeguards system w i l l  remain b a s i c a l l y  a human i n s t i t u t i o n  

s u b j e c t  t o  inhe ren t ly  human f a i l i n g s .  

technological  approach t o  t h e  safeguards problem can e n t i r e l y  obvia te  

e r r o r s  i n  judgment o r  vena l i t y  on the  p a r t  of t he  nonmechanistic, human 

component of t he  safeguards problem. 

period of opera t ion  expands, a se r ious  devia t ion  from idea l ized  procedures 

becomes progress ive ly  more l i k e l y  t o  occur. These observat ions lead some 

commenters t o  conclude that some re s idua l  r i s k  is  i n e v i t a b l e  and t h a t  the  

hazard assoc ia ted  with s p e c i a l  nuclear  materials renders  t h i s  r i s k  in to le rab le .  

It is not  apparent t h a t  a 

A s  t he  number of f a c i l i t i e s  and 
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Due to the human component again, this view also holds that meaning- 

ful risk quantification will remain beyond the state of the predictive 

art. Therefore, it will never be possible to determine the true extent 

of the risk, or judge its acceptability, except from the historical vantage 

point. 

While the gravity of these concerns is not to be dismissed lightly, 

absolute certainty of predictive models is not, in the Board's judgment, 

an attainable standard. However, we believe that additional information 

on safeguards from the ongoing studies may improve the basis on which 

the magnitude of the residual risk can be evaluated and on which a 

decision as to the acceptability of the risk may be made. 

C. Waste Management: 

The PFES concludes that high-level radioactive wastes from LMFBR 

fuel reprocessing plants can be successfully managed by retrievable storage 

facilities for the near term and by disposal in geological formations for 

the remainder of their hazardous lives. The discussion admits that a 

permanent solution to the problem is not at hand, but concludes that a 

timely solution will be developed. 

Mu)C 21 takes the position that the magnitude of the risk from high- 

Level waste is such that the environmental review of this technology should 

not be terminated until a proven and acceptable permanent disposal mode 

is available. 

- 11 PFES, Section 4.6. 

- 2 1  Comment Letter 73. 
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The Board i s  cognizant t h a t  a c r i t i ca l  re-examination of waste 

s torage  s t r a t e g i e s  i s  cu r ren t ly  underway i n  t h i s  agency. 

i t  is  not r e a l i s t i c  t o  f r e i g h t  t he  PFES with a d e f i n i t i v e  examination 

of t he  problem. The PFES conta ins  the  relevant  but inconclusive informa- 

t i on  t o  the  extent  t h a t  i t  has been developed. The conclusion t h a t  a 

t imely permanent d i sposa l  so lu t ion  w i l l  be found may be premature but  

fu r the r  research and development on waste management s t r a t e g i e s  must 

precede a f i n a l  determination on the  environmental s ign i f icance  of t h i s  

aspect  of t he  W B R  f u e l  cycle .  

D. Health Effects :  

Accordiilgly, 

Much of t he  controversy concerning projected hea l th  e f f e c t s  from 

the  LMFBR f u e l  cyc le  has been evaluated i n  the  previous d iscuss ion  of 

t h i s  Report. The unresolved i s s u e s  involving reac tor  s a fe ty ,  safeguards 

inadequacies and waste management t o  a l a r g e  extent  t r a n s l a t e  i n t o  concerns 

t h a t  the  p o t e n t i a l  r e l eases  of rad ioac t ive  ma te r i a l s  have been understated 

i n  the  PFES leading t o  a consequent underestimation of t he  hea l th  e f f e c t s  

a t t r i b u t a b l e  t o  the  technology. 

Remaining f o r  examination i s  t h e  content ion t h a t  t he  cancer incidence 

from plutonium i n  t h e  lung may be seve ra l  o rders  of magnitude g rea t e r  

than ca lcu la ted  by the  PFES f o r  a given l e v e l  of exposure. 

follows from t h e  hypothesis t h a t  tumor induct ion from plutonium i n  

p a r t i c u l a t e  form is  far grea te r  than from an i d e n t i c a l  dose uniformly 

d i s t r i b u t e d  i n  the  lung. 

This r e s u l t  

The supposi t ion i s  known as t h e  "hot pa r t i c l e "  
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hypothesis and, once again,  t h e  chief  exponent is t h e  Natural  Resources 

Defense Council. - 1/ 
The outs tanding i s sue  is whether t h e  hot  p a r t i c l e  hypothesis should 

be  assumed as an  add i t iona l  degree of conservatism i n  pro jec t ing  hea l th  

e f f e c t s  from inhaled plutonium. 

The d iscuss ion  i n  the  PFES sets f o r t h  and eva lua tes  a t  some length  

It the  log ica l  and experimental  bas i s  put f o r t h  f o r  t h e  hypothesis.  - 2/ 

is re j ec t ed  as  a p red ic t ive  model pr imar i ly  on the  grounds t h a t  "an abundance 

of experimental  animal da t a  ind ica t e s  t h a t  p a r t i c l e s  are l e s s  hazardous 

i n  the  lung than a uniformly d i s t r i b u t e d  dose of t he  same a c t i v i t y , "  and 

because of t h e  lack  of observed hea l th  e f f e c t s  i n  workers who have inhaled 

hot  p a r t i c l e s .  

NRDC, i n  t he  l a t e s t  round of comment on t h i s  sub jec t ,  contends t h a t  

t he  hypothesis ,  properly understood, is  not  disconfirmed by experimental 

o r  observat ional  da t a ;  t h a t  t he  PFES is  de fec t ive  f o r  f a i l u r e  t o  respond 

t o  NRDC's r e f u t a t i o n  of t h e  AEC ana lys i s  of t h e  problem; and t h a t  t he  

PFES, i n  r e j e c t i n g  the  hypothesis ,  relies upon exper t  opinion which i s  

not  ob jec t ive  on the  question. 

- 1/ Comment Letter 55, pages 4 2 - 4 8 ,  and supplemental enclosures  
e n t i t l e d  "NRDC Supplemental Submission t o  the  Environmental 
Pro tec t ion  Agency Publ ic  Hearings on Plutonium and the  Trans- 
uranium Elements," and "The Hot P a r t i c l e  Issue:  
WASH-1320. " 

A Cr i t ique  of 

- 2/ PFES, Appendix 11. G.6. 
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In  the  judgment of t h e  Board, t h i s  d i spu te  tu rns  upon pecul ia r ly  

recondi te  matters of hea l th  physics and cannot be resolved within the  

confines  of an  environmental impact statement. 

of the  s c i e n t i f i c  community. The conclusions of t he  PFES appear t o  be 

based upon the  considerable  weight of cur ren t  informed opinion and are 

therefore  as adequate f o r  decisionmaking as the  s ta te  of t he  a r t  w i l l  

It must w a i t  t he  ve rd ic t  

allow. 

E. Cost-Benef i t  Analysis: 

A quan t i f i ca t ion  of the i n t r i n s i c  merits and demerits of t h e  LMFBR 

Program is found l a rge ly  wi th in  t h e  Cost-Benefit Analysis of t he  PFES.- 

However, i t  should be recognized that t h i s  ana lys i s  is f a r  more exhaustive 

11 

i n  i t s  presenta t ion  of b e n e f i t s  than of cos ts .  

i n  quan t i t a t ive  terms are exclusively economic i n  nature .  

t angib le  environmental and hea l th  c o s t s  and r i s k s  are discussed elsewhere 

i n  the  PFES (and we have examined t h i s  d i scuss ion  above), but  they are  not  

The c o s t s  accounted f o r  

The less 

fac tored  i n t o  the  computation of monetary c o s t s  a t t r i b u t a b l e  t o  the  LMFBR 

technology. 

I n  the  judgment of t he  Board, t h i s  is not  an  impermissible approach. 

Indeed, i t  is  d i f f i c u l t  t o  imagine how such r i s k s  could be reduced t o  

d o l l a r  f i g u r e s  o r  otherwise quant i f ied  i n  a meaningful way. 

is  simply not  amenable t o  p rec i se  valuat ion.  Nevertheless,  an inherent  

The ana lys i s  

l i m i t a t i o n  i n  the  usefu lness  of t h e  Cost-Benefit Sect ion r e s u l t s .  

- 11 PFES, Sect ion 11. 
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Even where d o l l a r  c o s t s  are involved, they are not  uniformly factored 

i n t o  the  ana lys i s .  

d ive r s ion  of plutonium may r e s u l t  from implementation of t he  technology. 

Addit ional ly ,  t he  present  state of knowledge does not discount  e n t i r e l y  

the  p o s s i b i l i t y  t h a t  c o s t s  may accrue t o  f u t u r e  generat ions from a f a i l u r e  

t o  conta in  huge inventor ies  of rad ioac t ive  wastes. But, s ince  t h e  

frequency, and t o  some exten t  t he  magnitude, of these events  cannot be 

present ly  computed, no meaningful d o l l a r  f i g u r e s  can be derived. 

For ins tance ,  c o s t s  due t o  reac tor  acc idents  and 

It is a l s o  the  view of t he  Board, however, that these  unquant i f ied 

The record impacts should not be overlooked i n  the  dec is iona l  process.  

should be s u f f i c i e n t  t o  i n d i c a t e  t h a t  they e x i s t  and, t o  the  extent 

poss ib le ,  t he  s ign i f i cance  which should be a t tached  t o  these  unknowns. 

The foregoing por t ions  of t h e  Report examine t h e  suf f ic iency  of t h e  PFES 

i n  these  regards and i n d i c a t e  t h e  areas i n  which add i t iona l  information 

needs t o  be developed. We t u r n  now t o  an evaluat ion of t he  treatment of 

t he  quant i f ied  b e n e f i t s  and cos ts .  

The in t e rna l i zed  (economic) cos t sa t t r i bu ted  t o  development and 

opera t ion  of t he  LMFBR indus t ry  include a l l  projected u t i l i t y  and govern- 

mental investments and opera t ing  expenses except funding f o r  general  

support  a c t i v i t i e s  generic  t o  o the r  nuclear  o r  nonnuclear p lan t  concepts,  

such as environmental and safeguards s tud ies .  

c o s t s  associated wi th  in t roduct ion  of t h e  W B R  i n  1987 are estimated i n  

The projected program 

- 1/ PFES, page 11.2-39. 
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t h e  Ana lys i s  t o  b e  $8.4 b i l l i o n  (discounted t o  $4.7 b i l l i o n  a t  10% 

d i scoun t  rate t o  1974).L' The Board n o t e s  t h a t  p r o j e c t e d  program c o s t s  

have now e s c a l a t e d  somewhat above t h a t  f i g u r e .  

The monetary b e n e f i t  considered i s  t h e  p r o j e c t e d  r e d u c t i o n  i n  t o t a l  

energy c o s t s  over t h e  planning horizon from 1970 t o  2020 obtained by 

in t roduc ing  t h e  LMFBR. 21 The b e n e f i t  is p r i m a r i l y  due t o  t h e  lower f u e l  

c o s t  obtained by r e d u c t i o n  i n  t h e  requirements  f o r  uranium o r e  and 

s e p a r a t i v e  work c a p a c i t y .  

Three assumptions underlying t h e  Ana lys i s  appear  t o  b e  c r i t i ca l  

3 1  t o  t h e  results:- 

1. E l e c t r i c  energy demand p r o j e c t i o n s  f o r  t h e  r e f e r e n c e  (base) case 

assume a n  annual  ra te  of growth i n  demand of 7.8% i n  1970 d e c l i n i n g  

con t inuous ly  t o  3.7% i n  t h e  year  2020. S e n s i t i v i t y  a n a l y s e s  are 

a l s o  conducted f o r  demand p r o j e c t i o n s  20% and 50% below t h e  

r e f e r e n c e  case.  

2. The uranium r e s o u r c e  e s t i m a t e  i s  set a t  f o u r  m i l l i o n  t o n s  

excluding shale. 

The c a p i t a l  c o s t  d i f f e r e n t i a l  between LMFBR and LTJR powerplants  

i s  assumed t o  b e  $100 p e r  kVe i n i t i a l l y ,  d e c l i n i n g  t o  a ze ro  

3. 

' d i f f e r e n t i a l  by 2000 due  to a presumed manufactur ing l e a r n i n g  

curve.  

I f  PFES, page 11.2-32. 

2 f  PFES, page 11.2-2. 

31 PFES, pages 11.2-5 to 15. 

- 
- 
- 
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The in t roduct ion  date f o r  LMFBR power p l an t s  i s  assumed t o  be 

1987 wi th  s e n s i t i v i t y  ana lys i s  run f o r  1985 and 1991.L/ 

computed a t  10% discount ra te  (with program cos t s  assoc ia ted  with a 

1987 in t roduct ion  da te  of $8.4 b i l l i o n  discounted t o  $4.7 b i l l i o n )  show 

subs t an t i a l  ne t  bene f i t s  accruing f o r  most cases .  The notab le  exceptions 

a r e  cases  i n  which two of t he  c r i t i c a l  parameters a r e  allowed t o  vary 

i n  an unfavorable d i r ec t ion  simultaneously.- 

The r e s u l t s  

2 1  

Several  commenters challenged the  va lues  of t he  c r i t i c a l  base 

parameters,  most arguing t h a t  they are unduly skewed i n  favor  of the  

bene f i t  s i d e  of t he  balance. Natural  Resources Defense Counci1,- 

i n  t h e i r  submi t ta l  “Bypassing the  Breeder,” takes  the  pos i t i on  t h a t  a 

more r e a l i s t i c  view of t he  f u t u r e  would f ind  a l l  t h r e e  c r i t i c a l  parameters 

moving i n  d i r e c t i o n s  unfavorable t o  the  LMFBR. This NRDC projec t ion ,  

combined with op t imis t i c  assumptions concerning the  cont r ibu t ion  t o  

energy suppl ies  from nonconventional sources ,  shows t h a t  f o r  every $10 

spent on developing the  breeder ,  t he  publ ic  w i l l  recoup only $1 i n  lower 

energy cos t s  on a discounted bas is .  

3 /  

By c o n t r a s t ,  D r .  Thomas S tau f fe r ,  a Harvard Universi ty  economist 

who has s tudied breeder economics f o r  p r i v a t e  indus t ry ,  t e s t i f i e d  a t  

the  publ ic  hear ing t h a t  the  an t i c ipa t ed  b e n e f i t s  of t h e  LMFBR w i l l  be 

- I/ 
- 2 /  

3 /  Comment Letter 55. 

PFES, pages 11.2-16, 11.2-119 t o  134. 

PFES, pages 11.2-15 t o  31. 

- 
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g e n e r a l l y  h ighe r  t h a n  t h e  v a l u e s  given i n  t h e  PFE3.l' R e s t r i c t i n g  

h i s  a n a l y s i s  t o  t h e  "economic log ic"  of t h e  development program, as 

d i s t i n c t  from a commercialized i n d u s t r y ,  D r .  S t a u f f e r  r e p o r t s  discounted 

b e n e f i t s  of $70-$100 b i l l i o n ,  a c c e p t i n g  t h e  PFES base  assumptions f o r  

uranium supply and p o s t u l a t i n g  a 5.1% compound rate of growth i n  energy 

demand through 2020. 

s e n s i t i v e  t o  i n t r o d u c t i o n  d a t e s  bu t  r e l a t i v e l y  i n s e n s i t i v e  t o  c a p i t a l  

c o s t  p r o j e c t i o n s  f o r  t h e  breeder .  

employs a 6 %  d i scoun t  ra te  i n  h i s  c a l c u l a t i o n s  which he  b e l i e v e s  t o  b e  

proper  i n  a n  a n a l y s i s  of a technology which is competing w i t h  o t h e r s  f o r  

D r .  S t a u f f e r  f i n d s  t h e  b reede r  economics t o  be q u i t e  

It  may be s i g n i f i c a n t  t h a t  D r .  S t a u f f e r  

t h e  s a m e  r e s e a r c h  funds .  

The i s s u e  concerning r ea l i s t i c  energy growth p r o j e c t i o n s  r educes  

2 1  t o  a cho ice  o f  i n d i c a t o r s .  Environmental o r g a n i z a t i o n s  i n c l u d i n g  NRDC ,- 

S c i e n t i s t s '  I n s t i t u t e  f o r  P u b l i c  Information,-  t h e  Environmental  Pro- 

t e c t i o n  Agency- 

a rate of growth lower than  t h e  50% below base case p resen ted  i n  t h e  PFES. 

The r e c e n t  d e c l i n e  i n  popu la t ion  growth, p r i c e  e l a s t i c i t y ,  conse rva t ion  

measures and changing l i f e  s t y l e s  are  put  forward as  grounds f o r  t h e  

31 

41 and o t h e r s  p o i n t  t o  v e r y  r e c e n t  p r o j e c t i o n s  which i n d i c a t e  

lower p r o j e c t i o n s .  

- 1/ 

- 2 1  

Hearing T r a n s c r i p t ,  pages 394-419. 

Comment L e t t e r  55, supplemental  enc losu re  e n t i t l e d  "Bypassing the 
Breeder , ' I  Appendix, pages 21-30. 

Comment Letter 6 6 ,  pages 4-6,  111-1 through IV-8.  

Comment Letter 84,  pages 3, 9-20. 

- 31  

- 41 
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D r .  Barry SmernoffL' of t h e  Hudson I n s t i t u t e  has  t e s t i f i e d  t h a t  growth 

p a t t e r n s  are now pass ing  through an i n f l e c t i o n  p o i n t  toward equ i l ib r ium.  

He admits ,  however, t h a t  s t a b i l i z a t i o n  of t h e  e lec t r ica l  demand curve 

may l a g  behind t h e  t r end  due t o  s u b s t i t u t i o n  of e lec t r ica l  energy f o r  

o t h e r  energy sources .  

21 D r .  John T. Edsall- of Harvard U n i v e r s i t y ,  i n  h i s  w r i t t e n  comments, 

i l l u s t r a t e s  t h e  g r e a t  p o t e n t i a l  f o r  energy conse rva t ion  w i t h  d a t a  from 

t h e  Ford Foundation Report ,  "A Time t o  Choose: America's Energy Future." 

The i n d u s t r y  and ERDA s t a f f  views on t h e  matter are t h a t  t h e  r e c e n t  

downturn i n  demand i s  a minor p e r t u r b a t i o n  i n  an  o the rwise  s t a b l e  demand 

cu rve  which c o r r e l a t e s  p o s i t i v e l y  w i t h  g r o s s  n a t i o n a l  product  .?' More- 

ove r ,  even i f  growth i n  energy consumption i n  g e n e r a l  d e c l i n e s ,  o i l  and 

g a s  r e s e r v e s  w i l l  become dep le t ed  i n  t h e  short-term n e c e s s i t a t i n g  g r e a t e r  

r e l i a n c e  upon f i s s i o n  t echno log ie s .  

S t a u f f e r  expect  a 6% annual  l oad  growth wi th  s u b s t a n t i a l  b a s i s  t o  support  

a 7% t o  8% growth p r o j e c t i o n .  

Thus, Commonwealth Edison and D r .  

- 1 f  

- 21 Comment Le t te r  48 

- 31 

Hearing T r a n s c r i p t ,  pages 80-111. 

Hearing T r a n s c r i p t ,  Tab 5, i t e m  1, page 17;  Tab 6; Tab 16 ,  
i t e m  8; Hearing T r a n s c r i p t ,  pages 57-58, 65-66, 114, 125,  180-185, 
233-235, 449-451. 
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A similar divergence of opinion has  been expressed concerning 

the  PFES base estimates of economical and undiscovered uranium resources.  

C r i t i c s  of t h e  Cost-Benefit Analysis f i n d  t h e  base pro jec t ions  t o  be 

u n r e a l i s t i c  and r e l y  ins tead  upon the  "optimistic" cases  i n  the  s e n s i t i v i t y  

analyses.Lf 

publ ic  hear ing,  by con t r a s t ,  argue t h a t  t he  ERDA estimated resources  are 

Commonwealth Edison and o ther  industry p a r t i c i p a n t s  a t  t h e  

now l a rge ly  committed t o  f u e l  ex i s t ing  r eac to r s  necess i t a t ing  the  use of 

lower grade o res ,  with the  a t tendant  l a r g e  scale land d i s rup t ions ,  f o r  

p l a n t s  constructed a f t e r  t he  mid-1980's.- 21  

The controversy concerning the  PFES pro jec t ions  f o r  LMFBR c a p i t a l  

cos t s  revolves around the a t t r i b u t i o n  of a 2% per u n i t  reduct ion i n  the  

c a p i t a l  cos t  d i f f e r e n t i a l  between LWR's and LMFBR's f o r  each doubling of 

LMFBR capaci ty  placed i n t o  operat ion.  

on the  ground tha t  a similar learn ing  curve has not  occurred i n  the  LWR 

indus t ry  and should not  t he re fo re  be an t i c ipa t ed  with respec t  t o  LNFBR's.- 

The ERDA s t a f f  respond t h a t  t he  Lwll's l ea rn ing  curve has simply been 

ecl ipsed by increased environmental and sa fe ty  design expenditures.  

indus t ry  is  now deemed s u f f i c i e n t l y  mature so t h a t  t h e  l a t e n t  learn ing  

reduct ions w i l l  soon become d i sce rn ib l e .  

NRDC chal lenges t h i s  assumption 

11 

The 

LMFBR's, by con t r a s t ,  w i l l  

bene f i t  from the  environmental and s a f e t y  design work which has accumulated 

1f See, e.g. ,  Natural  Resources Defense Council, Comment Letter 55, 
"Bypassing the  Breeder. " 

Hearing Transcr ip t ,  pages 118 and 196. 

- 

- 21 
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i n  t h e  LWR i n d u s t r y  s o  t h a t  t h e i r  e n t r y  on to  t h e  l e a r n i n g  curve w i l l  

be expedited.- 11 

The Board i s  wary of f a c i l e  a t t empt s  t o  r e s o l v e  these  areas of 

controversy,  dependent as they are upon f u t u r e  e v e n t s  which are now 

more o r  less s p e c u l a t i v e .  

i t  seems prudent  t o  assume a moderate l e v e l  of growth f o r  planning 

purposes.  This  is so n o t  because ERDA is committed t o  any p a r t i c u l a r  

growth s c e n a r i o ,  bu t  simply because t h e  p e n a l t i e s  f o r  underest imat ion 

a r e  l i k e l y  t o  be f a r  more seve re  than  those  € o r  overest imat ion.  A 

program can be scrapped i f  its need does n o t  become a c t u a l i z e d .  But 

the long  l e a d  t i m e s  involved i n  r e s e a r c h  and development programs 

and p l a n t  c o n s t r u c t i o n  make i t  r e l a t i v e l y  d i f f i c u l t  t o  a c c e l e r a t e  

e f f o r t s  which have been h e l d  i n  abeyance pending an unmistakable con- 

f i rma t ion  of their need. 

With regard t o  p r o j e c t i o n s  of energy demand, 

With r e s p e c t  t o  uranium resources ,  t h e  Board i s  impressed w i t h  

t h e  view of  D r .  S t a u f f e r  t h a t  t h e r e  i s  no r e l i a b l e  methodology by 

which e x t r a p o l a t i o n s  can be made from known r e s e r v e s  .L’ Although 

s i g n i f i c a n t  information can and no doubt w i l l  be  developed i n  advance 

of p h y s i c a l  e x p l o r a t i o n ,  optimism beyond that r e f l e c t e d  i n  t h e  cost-  

b e n e f i t  p r o j e c t i o n s  may be  unwarranted at  t h i s  time. 

1/ 

- 2 /  Hearing T r a n s c r i p t ,  pages.399-401. 

PFES, pages 11.2-78 t o  86. - 
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Due t o  t h e  v a g a r i e s  of t h e  manufacturing and cons t ruc t ion  in-  

d u s t r i e s ,  i t  seems equal ly  p e r i l o u s  t o  specula te  a t  t h i s  time on t h e  

c a p i t a l  c o s t  quest ion.  

of uncer ta in ty  with s e n s i t i v i t y  analyses  i n d i c a t i n g  t h e  inf luence  of 

var ious  assumptions upon t h e  r e s u l t s .  Future  events  w i l l  narrow the 

bands of u n c e r t a i n t y  and permit  a more r e l i a b l e  v e r d i c t  on t h e  LMFBR 

economics. 

We n o t e  t h a t  t h e  PFES bracke ts  these  areas 

In  t h e  i n t e r i m ,  t h e  Board f i n d s  t h a t  t h e  PFES is  reasonably com- 

p l e t e  and s u f f i c i e n t  € o r  present  decisionmaking. 

The assumptions employed as t o  energy demand, uranium supply and 

capital c o s t s  may eventually prove t o  be u n r e a l i s t i c  and t h e r e f o r e  

reduce t h e  c a l c u l a t e d  b e n e f i t s .  On t h e  o t h e r  hand, i t  would be r i s k y  

t o  underest imate  t h e  advantages of t h e  R D & D Program a t  t h i s  time. 

Indeed, t h e  va lue  of b e t t e r  information seems undisputed,  and, as i t  

becomes a v a i l a b l e ,  t h e  record should be supplemented and t h e  course 

of t h e  Program reevaluated.  

The Board b e l i e v e s  t h a t  while  t h e  f i n a l  v e r d i c t  on t h e  economic 

c o s t s  and b e n e f i t s  of a commercial LMFBR i n d u s t r y  must b e  l e f t  t o  t h e  

u t i l i t y  i n d u s t r y ,  ERDA must reserve t o  i t s e l f  t h e  judgment as t o  whether 

t h e  nonin terna l ized  environmental  c o s t s ,  balanced a g a i n s t  t h e  n e t  economic 

b e n e f i t s  of a prospec t ive  LMFBR i n d u s t r y  warrant  a cont inua t ion  of t h e  

Program t o  t h e  poin t  of commercialization. The p r e s e n t  record is n o t  

deemed t o  be r i p e  f o r  t h i s  determinat ion.  

n 
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F. Conclusions on t h e  S u f f i c i e n c y  of t h e  PFES Treatment of I s s u e s :  

A t  t h e  o u t s e t ,  t h e  Report l i s t e d  t h e  two i n q u i r i e s  which are 

involved i n  t h e  t a s k  t o  which t h e  Board has  been a s s igned .  The 

. f i r s t  of t h e s e  i s  whether t h e  d i s c u s s i o n  of i s s u e s  i n  t h e  PFES pro- 

v i d e s  a s u f f i c i e n t  b a s i s  f o r  determining t h e  a c c e p t a b i l i t y  of the 

environmental  and economic a s p e c t s  of t h e  LMFBR Program. 

The Board's conclusions with r e s p e c t  t o  t h i s  i n q u i r y  are framed 

i n  terms of t h e  two d i s t i n g u i s h a b l e  types of d e c i s i o n s  which ERDA i s  

c a l l e d  upon t o  make w i t h  r ega rd  t o  t h e  Progrnm: t h o s e  p e r t a i n i n g  t o  

t h e  a c c e p t a b i l i t y  of t h e  developmental  program and t h o s e  p e r t a i n i n g  

t o  t h e  a c c e p t a b i l i t y  of a mature commercial i n d u s t r y .  

The PFES i s  a reasonably complete sou rce  of i n fo rma t ion  on t h e  

i s s u e s  of r e a c t o r  s a f e t y ,  s a fegua rds ,  waste management, plutonium 

t o x i c i t y  and t h e  economics of t h e  b r e e d e r ,  given t h e  s i g n i f i c a n t  

areas of u n c e r t a i n t y  which remain t o  be r e so lved .  

conc lus ion  have been noted i n  t h e  fo rego ing  s e c t i o n s .  

t h a t  t h e  r eco rd  could be improved by i n c l u d i n g  i n  ERDA's f i n a l  impact 

s t a t emen t  on t h i s  s u b j e c t  t h e  in fo rma t ion  i n  t h e  h e a r i n g  r eco rd  p e r t a i n i n g  

t o  t h e  d i r e c t i o n  and t iming of t h e  r e a c t o r  s a f e t y  and sa fegua rds  r e s e a r c h  

programs. A d d i t i o n a l l y ,  s u f f i c i e n t  i n fo rma t ion  on t h e  s t r a t e g i e s  f o r  

m i t i g a t i n g  sa fegua rds  r i s k s  should be s u p p l i e d  t o  i n d i c a t e  t h e  e f f e c t  

o f  such measures upon t h e  level of r e s i d u a l  r i s k .  

Except ions t o  t h i s  

We have observed 

With t h e s e  excep t ions ,  t h e  Board f i n d s  t h a t  t h e  PFES d i s c u s s i o n  

of t hese  i s s u e s  is  s u f f i c i e n t  t o  suppor t  a de te rmina t ion  as t o  whether 

t h e  environmental  consequences of cont inued r e s e a r c h ,  development and 
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demonstration are acceptable  i n  view of t he  po ten t i a l  bene f i t s  from 

the  technology and the  va lue  of resolving s i g n i f i c a n t  areas of un- 

ce r t a in ty .  A s  the  following sec t ions  w i l l  i nd ica t e ,  addi t iona l  in- 

formation i s  needed f o r  a dec is ion  as t o  the  ac tua l  s t r u c t u r e  and 

timing of the  continuing Program. 

The s i g n i f i c a n t  environmental impacts of research and development 

(without reference t o  the  broader ramif ica t ions  of commercial deploy- 

ment) would appear t o  include (1) those associated with the  construc- 

t i o n  and operat ion of demonstration f a c i l i t i e s ,  and (2)  po ten t i a l  

environmental b e n e f i t s  foregone i n  the  event  t h a t  funding of the  

LNFBR Program precludes o r  delays the development of more environ- 

mentally a t t r a c t i v e  a l t e r n a t i v e  s t r a t e g i e s .  The PFES i s  acceptable 

as a record of the  impacts which would a t tend  the  constrnct ion and 

operat ion of developmental and demonstration f a c i l i t i e s .  

d i scuss ion  of the  r e l a t i v e  environmental bene f i t s  and impacts of the  

alternative technologies is provided i n  the  PFES. This discussion 

is  f u r t h e r  evaluated i n  Sect ion I11 of t h i s  Report. 

Some use fu l  

The e f f e c t  of continued LMFBR R D & D upon a l t e r n a t i v e  technology 

development programs is dependent i n  p a r t  upon fu ture  f i s c a l  po l i c i e s ,  both 

within and beyond the  con t ro l  of ERDA. 

have recommended, w e  be l ieve  the  PFES w i l l  be s u i t a b l e  t o  lend guidance 

t o  the  a l loca t ion  of ERDA's f u tu re  budgetary p r i o r i t i e s .  To the  ex ten t  

t h a t  the  f u t u r e  fundfng cons t r a in t s  which may come t o  bear  upon tech- 

With the  supplementation which we 
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nology development programs depend upon p o l i t i c a l  contingencies 

which cannot be an t i c ipa t ed ,  these are not  proper sub jec t s  f o r  

inqui ry  wi th in  an environmental impact statement i n  the  Board‘s view. 

With regard t o  the accep tab i l i t y  of widespread deployment of 

commercial LMFBR’s, however, t he  information i n  the  PFES is  no t  

deemed s u f f i c i e n t l y  complete o r  r e l i a b l e  f o r  a f i n a l  judgment. Sig- 

n i f i c a n t  unce r t a in t i e s  have been i d e n t i f i e d  i n  t h i s  Report con- 

cerning the environmental impacts and economics of an U P B R  economy 

which remain t o  be resolved by the  ongoing R D & D Programs, par- 

t i c u l a r l y  i n  the areas of safeguards and waste management, and by 

the  inves t iga t ion  of the  quant i ty  of recoverable uranium resources.  

111. Discussion of Al te rna t ive  Energy Sources and Technologies 

The technological  alternatives t o  the  LMFBR technology are com- 

pr i sed  of the  reasonably ava i l ab le  s t r a t e g i e s  of technology development, 

resource u t i l i z a t i o n  and conservation schemes which could, ind iv idua l ly  

o r  i n  concert ,  supply bene f i t s  comparable t o  a commercial LMFBR industry.  

We f ind  the  PFES discussionL’ of a l t e r n a t i v e s  to be a reasonably 

complete and accurate  compendium of t he  ind iv idua l  energy production 

and conservation sources, both currently available and under development. 

However, while the PFES i s  unswervingly op t imis t i c  concerning the  res- 

o lu t ion  of technica l  d i f f i c u l t i e s  with regard t o  t h e  LMFBR, i ts  view 

of the  development of o ther  technologies i s  o f t en  unduly pess imis t ic .  

This  tendency de t r ac t s  somewhat from the  value of t he  PFES as a wholly 

objec t ive  and d ispass iona te  po r t r aya l  of emerging technologies.  

PFES, Section 6. 
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The most extreme i l l u s t r a t i o n s  are found i n  the  descr ip t ions  of 

s o l a r  and geothermal technologies.  

of t he  PFES, t h a t  the  only s o l a r  appl ica t ion  of p o t e n t i a l  s ign i f icance  

is as thermal energy f o r  bu i ld ings ,  s e r ious ly  underestimates the  

prospect ive r o l e  of t h i s  energy source.  Solar  e l e c t r i c  technologies 

as w e l l  as bioconversion and s o l a r  thermal energy f o r  i n d u s t r i a l  and 

a g r i c u l t u r a l  appl ica t ions  are promising and p o t e n t i a l l y  abundant sources 

of usable  energy. 

concluding t h a t  %alar energy w i l l  no t  ma te r i a l ly  reduce the  need f o r  

a l t e r n a t i v e  e l e c t r i c  energy sources i n  t h i s  century.'" 

The a s se r t ion  i n  Sect ion 6 . A . 5 . 8 .  

The PFES apparent ly  ignores these appl ica t ions  i n  

1/ 

S i m i l a r l y ,  the cont r ibu t ion  o€ geothermal energy is present ly  

estimated by ERDA t o  s u b s t a n t i a l l y  exceed the  r a t h e r  i n s ign i f i can t  

r o l e  projected €or  t h i s  source i n  Section 6 . A . 4 . 2 . 2 .  of the  PFES. 

The descr ip t ion  of o ther  technologies ,  including fus ion ,  however,is 

general ly  comparable wi th  present  concepts and pro jec t ions  as set 

f o r t h  i n  ERDA's comprehensive energy research,  development and demon- 

s t r a t i o n  p lan ,  e n t i t l e d  "Creating Choices f o r  the  Future." 

We do not  f ind t h a t  the  discrepancies  i n  the  PFES pro jec t ions  

render t h a t  document inadequate f o r  decisionmaking. 

t he  PFES t h a t  there  are no prudent a l t e r n a t i v e s  t o  continuing the  

LMFBR Program a t  t h i s  time is amply supported. This conclusion is  

predicated upon the  rap id  deple t ion  of o i l ,  gas and f i s s i o n  f u e l s ,  

The pos i t i on  of 

11 PFES, page 6 A . 5 - 3 0 .  - 
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t he  lack  of assurance t h a t  nonconventional energy sources w i l l  be 

v i ab le  and economic cont r ibu tors  i n  the  near  fu tu re ,  and the  apparent 

assumption t h a t  the  fu tu re  energy demand of t h i s  country w i l l  be of 

such magnitude t h a t  a l l  energy sources which can be developed w i l l  

be needed.- 1/ 

While the  f i r s t  two pred ica tes  are adequately supported by the  

PFES, the  l a t t e r  assumption depends, of course,  upon fu tu re  energy 

consumption t rends which are understood only imperfect ly  a t  this t i m e .  

The Board agrees  with the  conclusion t h a t  a l l  promising energy tech- 

nologies  should be pursued f o r  the near term, but  f o r  the  reason 

t h a t  w e  cannot now know which w i l l  prove successfu l ,  economic, and 

environmentaily acceptable.  

I n  one sense, t he  LMFBR Program has no r i v a l  simply because i t  

is so  much nearer  t o  f r u i t i o n  t h a t  i t  enjoys a higher  p robab i l i t y  

of success  than a l t e r n a t i v e  technologies.  Thus, while  t he  PFES dem- 

o n s t r a t e s  t h a t  there  are no prudent a l t e r n a t i v e s  t o  the  LMFBR Program 

present ly  ava i l ab le ,  i t  may tu rn  out  t h a t  more a t t r a c t i v e  opt ions w i l l  

u l t imate ly  be developed t o  s u b s t i t u t e  f o r  widespread commercial usage 

of the  LMFBR technology. It is  apparent t h a t  considerable  R D & D 

of the  a l t e r n a t i v e  technologies i d e n t i f i e d  i n  the  PFES must take p lace  

before  i t  can be known whether v i ab le  and a t t r a c t i v e  s u b s t i t u t e s  t o  

the  large-scale  deployment of LMFBR's w i l l  be ava i lab le .  

l i k e  those concerning the  environmental accep tab i l i t y  of an LMFBR 

This decis ion,  

economy, must be defer red  u n t i l  t h i s  c r i t i ca l  information becomes known. 

- 11 See, e.g. ,  Hearing Record, Tab 5, i t e m  1, page 14. 
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We note two respec ts  i n  which the present  record should be supple- 

mented when t h i s  c r i t i c a l  information becomes ava i lab le .  F i r s t ,  the  

PFES does no t ,  i n  a comprehensive o r  r igorous manner, assemble ind iv i -  

dua l  a l t e r n a t i v e s  i n t o  "mixes" o r  s t r a t e g i e s  calculated t o  provide a 

choice between reasonably ava i l ab le  cour$es of action.L' For the  

most p a r t ,  a l t e r n a t i v e s  a r e  assessed d i s c r e t e l y  without ind ica t ion  

of whether c e r t a i n  combinations might s u b s t i t u t e  i n  whole o r  i n  p a r t  

f o r  an LWBR economy. The Board is aware of the  unce r t a in t i e s  which 

plague such an ana lys i s ,  bu t  i n  i ts  absence, i t  i s  d i f f i c u l t  f o r  a 

decisionmaker t o  a sce r t a in  the  ex ten t  o r  s ign i f icance  of the  unce r t a in t i e s ,  

o r  t he  range of choices ac tua l ly  o r  po ten t i a l ly  ava i lab le .  

Secondly, a quant i f ied  and de ta i l ed  cost-benefi t  ana lys i s ,  of 

the  type accorded the  LMFBR technology, i s  no t  conducted with respec t  

t o  the o the r  sources of energy which are i d e n t i f i e d  i n  the  PFES. Some 

general  discussion of t h i s  na ture  is  provided i n  Chapter 11, but  there  

is no attempt t o  p red ic t  i n  a comparably de t a i l ed  manner the  r e l a t i v e  

cost-effect iveness  o r  n e t  economic bene f i t  which might be derived from 

these energy systems. 

f o r  comparison wi th  the  LMFBR Program i s  no t  provided. 

Consequently, a completely s a t i s f a c t o r y  b a s i s  

- 1/ Although Sect ion 11 .2  g ives  cursory a t t e n t i o n  t o  one conventional 
and one nonconventional mix, the PFES does no t  present  a d e f i n i t i v e  
ana lys i s  by which i t  can be determined whether o the r  mixes are 
worthy of considerat ion o r  whether any such s t r a t e g i e s  may be more 
environmentally a t t r a c t i v e  than the  LMFBR technology. 
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On the  o ther  hand, information f o r  conducting such analyses  is  

not  uniformly ava i lab le .  The Board observes t h a t ,  p a r t i c u l a r l y  In  

the  case of those po ten t i a l  sources  which may compete with the LMFBR 

as e s s e n t i a l l y  inexhaust ible  energy sources (e. g. ,  s o l a r  e l e c t r i f i -  

ca t ion  and fusion r e a c t o r s ) ,  cost-benefi t  p ro jec t ions  are decidedly 

premature. 

For the  purposes of determining t h e ' p r e s e n t  course of t he  LMFBR 

Program and a l loca t ing  funding p r i o r i t i e s  among the  developmental 

programs, w e  therefore  f ind  that the  PFISS d iscuss ion  of a l t e r n a t i v e s  

i s  as s u f f i c i e n t  a s  present  knowledge w i l l  permit. Presumably, as 

the  emerging technologies mature, r e l a t i v e l y  r e l i a b l e  information 

concerning t h e i r  economics and environmental s ign i f icance  w i l l  be 

developed, This information is deemed t:o be c r i t i ca l  t o  fu tu re  

dec is ions  concerning the  a l loca t ion  of developmental p r i o r i t i e s  

among the var ious  technologies,  including t h e  breeder r eac to r ,  and 

t o  the  eventual  dec is ions  concerning t h e i r  commercial deployment. 

I V .  Discussion of Progranmatic Al te rna t ives  

The program plan presented i n  t h e  PF'ES envis ions expedi t ious 

completion of t he  research ,  development and demonstration program and 

subsequent deployment of t h e  technology at  t he  d i s c r e t i o n  of the u t i l i t y  

industry.  

Sect ion 3 of the PFES descr ibes  the  LMFBR Program plan. Other 

s ec t ions  of t he  document provide some information on associated research 

programs. However, those d iscuss ions  concentrate  on the  objec t ives  of 

t he  programs and the  phys ica l  cons t i t uen t s  of p a r t i c u l a r  f a c i l i t i e s .  
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Less information is  provided on t h e  sequence of s t eps ,  t he  t iming, 

the  problem d e f i n i t i o n ,  the  methodology, o r  t he  appropriate  po in ts  

a t  which f u r t h e r  decisionmaking would occur. 

on the  pace and s t r u c t u r e  of t he  e f f o r t  are not  presented o r  evaluated 

i n  the  PFES. Consequently, t he  range of courses ava i l ab le  t o  achieve 

the  development of an economically competit ive and environmentally 

acceptable  technology is no t  disclosed.  

I n  general ,  va r i a t ions  

The absence of programmatic a l t e r n a t i v e s  i n  the  PFES i s  d is turb ing .  

As previously ind ica ted ,  w e  f ind  the  PFES adequate f o r  determining 

whether the LMFBR Program should be continued. 

ons t r a t e s  t h a t  no reasonably ava i l ab le  a l t e r n a t i v e s  present ly  exist 

to  the  cont inuat ion of the  Program due t o  the  unce r t a in t i e s  a t tending  

the  a v a i l a b i l i t y  of competing technologies .  It is therefore  deemed 

adequate f o r  determining whether t he  LMFBR Program should be maintained 

a t  an e f f e c t i v e  l e v e l  f o r  t he  near-tern.  We have a l s o  ind ica ted  t h a t  

add i t iona l  information, t o  be gleaned from t h i s  and associated research 

and development programs, i s  needed before  the  environmental record 

can be closed on the  quest ion of commercialization. 

the  PFES j u s t i f i e s  cont inuat ion of the  LMFBR Program a t  some l e v e l  

beyond merely sus t a in ing  t h e  research  and development e f f o r t ,  bu t  

s h o r t  of a present  commitment t o  commercialize the  technology. While 

the Administrator may w i s h  t o  choose a course between these extremes, 

It s u f f i c i e n t l y  dem- 

Thus, w e  be l ieve  
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the absence of programmatic a l t e r n a t i v e s  i n  the  PFES hampers t h i s  

choice. I n  s h o r t ,  we f i nd  t h a t  t he  PFES is s u f f i c i e n t  €or  a dec is ion  

on whether, bu t  no t  how, t o  continue the  LMPBR Program. 

We are mindful t h a t  cont inuat ion of the program i n  order  t o  

reso lve  the outstanding unce r t a in t i e s ,  could,  i n  some forms, e n t a i l  

a commitment t o  deployment of the  technology, desp i te  t he  uncer ta in t ies .  

This may occur i f  the  Program progresses  t o  t h e  s t age  where a pr iva te -  

s ec to r  decis ion t o  implement the  technology could preempt ERDA's f u r t h e r  

considerat ion of t he  matter  i n  l i g h t  of t he  new information being 

developed. W e  observe t h a t  as the  Program proceeds, i t  may become 

more d i f f i c u l t  t o  c u r t a i l  due t o  the  momentum which i t  bu i lds  and the  

investment which i t  absorbs. There i s  a sense i n  which t h i s  process 

tends t o  pre judice  fu r the r  choices a s  t he  imminence of t he  technology 

begins  t o  predominate over environmental considerat ions as a judgmental 

element. 

Therefore,  i n  s t ruc tu r ing  the course of t he  Program, we be l i eve  

the  Administrator should have before  him reasonably complete information 

on the  range of opt ions ava i l ab le  f o r  achieving the  technology development 

ob jec t ive ,  and on the manner i n  which these opt ions relate t o  the  

u l t imate  dec is ion  concerning deployment. The dec is ions  on the  course 

of the Program must depend, i n  p a r t ,  upon the exis tence  of programmatic 

opt ions which reserve for l a te r  judgment t h e  quest ion of whether com- 

mercial deployment of t he  technology is environmentally acceptable.  We 
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f ind  the PFES uninformative on the  manner i n  which the  program plan 

relates t o  the  pr ivate-sector  decis ion on commercialization. Hence, 

i t  cannot be determined on the  b a s i s  of t h a t  document whether, at  what 

po in t s ,  and by what means t h a t  dec is ion  can be control led u n t i l  ERDA's 

verd ic t  on the matter can be rendered. 

Moreover, t he  appropriate  dec is ion  po in t s  f o r  t h i s  reconsiderat ion 

are not  disclosed.  Presumably, they are a funct ion of t he  a v a i l a b i l i t y  

of research  r e s u l t s  from t h i s  Program, the  assoc ia ted  safeguards,  waste 

management and uranium resource p ro jec t s ,  and the  ongoing e f f o r t s  t o  

develop a l t e r n a t i v e  technologies.  

i n  which these c o l l a t e r a l  s t u d i e s  key i n t o  the  LMPBR Program plan. It 

is  therefore  d i f f i c u l t  t o  a s c e r t a i n  when o r  whether s i g n i f i c a n t  new da ta  

w i l l  become ava i l ab le  €or considerat ion.  

I n  order  t o  bui ld  i n t o  the  s t r u c t u r e  of t h e  LMFBR Program meaningful and 

t imely dec is ion  points .  Without i t ,  the  choice of an optimum course f o r  

t he  LMFBR Program becomes a matter of conjecture  r a t h e r  than of d e l i b e r a t e  

The PFES f a i l s  t o  ind ica t e  the  manner 

This information is e s s e n t i a l  

app ra i sa l .  

V. Recommendations Concerning the  Form and Content 
of t he  F ina l  Environmental Impact Statement 

An essential  component of t he  I n t e r n a l  Review Board's cha r t e r ,  

'discussed i n  Sect ion I of t h i s  Report, is t o  make suggestions f o r  ensuring 

t h a t  t he  record before  the  Administrator is  adequate f o r  decisionmaking. 

The Board has  concluded t h a t ,  while  t he  PFES is genera l ly  s u i t a b l e  f o r  

a dec is ion  on the  course of t he  LMFBR Program, c e r t a i n  de f i c i enc ie s  do 
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e x i s t .  We have ind ica ted  t h a t  addi t iona l  information which is 

present ly  ava i l ab le  should be s u f f i c i e n t  t o  cure  the  de fec t s  i n  the  

present  record.  Recognizing the  obl iga t ion  of ERDA t o  develop a 

f i n a l  impact statement on t h i s  Program f o r  use as a t o o l  within the  

dec i s iona l  process ,  w e  recommend t h a t  t h i s  supplemental information 

be incorporated i n t o  t h a t  document. 

To summarize our earlier conclusions,  t he  following s p e c i f i c  in -  

formation (some of which i s  ava i l ab le  wi th in  the  hear ing record) should 

be set f o r t h  i n  the  f i n a l  statement:  

1. The f i n a l  statement should d iscuss  the  sequence of s t eps ,  t he  

t iming, t he  problem d e f i n i t i o n  and the  methodology of t he  var ious 

ongoing s t u d i e s  and programs which are re l evan t  t o  the  environmental 

and economic accep tab i l i t y  of an LEIFBR industry.  These s tud ie s  in- 

c lude the  LMFBR s a f e t y  program and r e l a t e d  i n q u i r i e s  concerning 

safeguards,  waste management, and uranium resource a v a i l a b i l i t y ;  

2.  It should s e t  f o r t h  the  optimal po in ts  i n  the  LMFBR Program plan 

a t  which major i s sues  i d e n t i f i e d  i n  t h i s  Report can be expected t o  

be resolved; 

3. It should ind ica t e  the opt iona l  courses of ac t ion  ava i l ab le  to 

the Administrator i n  s t ruc tu r ing  the  LMFBR Program, so t h a t  a present  

dec is ion  can be made on t h a t  Program, while a t  the  same time reserving 

for later judgment the  quest ion of whether implementation o f " t h e  

technology is  acceptable .  
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4 .  

5. 

t o  

I n  a d d i t i o n  t o  d e t a i l e d  information concerning t h e  safeguards 

research  and development program the f i n a l  s ta tement  should 

descr ibe  the  minimization concepts l i s t e d  i n  t h e  PFES and assess 

t h e  e x t e n t  t o  which each of these  can reduce t h e  safeguards r i s k ;  

F i n a l l y ,  t h e  f i n a l  s ta tement  should i n d i c a t e  t h e  p o i n t s  a t  which 

r e l i a b l e  information on a l t e r n a t i v e  technologies  f o r  t h e  production 

and conservat ion of energy w i l l  become a v a i l a b l e  f o r  f u r t h e r  con- 

s i d e r a t i o n .  

Another f e a t u r e  of t h e  PFES may make i t  u n s u i t a b l e ,  s tanding a lone ,  

s e r v e  a s  ERDA's f i n a l  s ta tement  on t h i s  mat te r .  The PFES conta ins  

pol icy  judgments as t o  the  a c c e p t a b i l i t y  of environmental  r i s k s  and con- 

c lus ions  as t o  t h e  d e s i r a b i l i t y  of t h e  program plan  as descr ibed there in .  

These conclusions should be considered as proposed f ind ings  tendered by 

t h e  s t a f f ,  r a t h e r  than as t h e  a r t i c u l a t i o n  of ERDA pol icy .  

t h a t  t h e  Adminis t ra tor  does n o t  wish t o  adopt these  f ind ings  as h i s  own, 

t h e  PFES should be condi t ioned by appropr ia te  d i s c l a i m e r s  i n  t h e  f i n a l  

s ta tement .  

To t h e  e x t e n t  

I n  l i g h t  of these  cons idera t ions ,  we recommend t h a t  a f i n a l  s t a t e -  

ment be prepared incorpora t ing  t h e  PFES by r e f e r e n c e  with an i n d i c a t i o n  

of t h e  e x t e n t  to' which t h e  Adminis t ra tor  adopts  o r  rejects i t s  analyses  

and conclusions;  and t h e  a d d i t i o n a l  information which t h i s  Report has  

i d e n t i f i e d  should be developed and included i n  t h e  f i n a l  environmental  

impact s ta tement .  

n 
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In  sho r t ,  the  f i n a l  record should be an ERDA document, responsive 

t o  the  add i t iona l  environmental review which has been accorded and 

r e f l e c t i n g  the  broad and balanced approach t o  energy research and 

development which i s  ERDA's novel mission. 

V I .  Conclusion 

This Report i nd ica t e s  t h a t  the  PFES is s u f f i c i e n t  f o r  some decis ions 

but  not fo r  o thers .  

The Board concludes t h a t  t he  PFES, i n  i t s  present  form, is a s u f f i -  

c i e n t  f a c t u a l  record f o r  determining whether the LMFBR Program should 

be continued. 

as an energy source and the  present  value of resolving outs tanding tech- 

n i c a l  and environmental problems weigh heavi ly  i n  favor  of pursuing the  

Program i n  some form, a t  some pace and a t  some l e v e l  of p r i o r i t y .  

be l ieve  t h a t  t he  PFES subs t an t i a l ly  supports  i ts  conclusion t h a t  there  

a r e  no c l ea r ly  ava i l ab le  and prudent a l t e r n a t i v e s  t o  a cont inuat ion of 

t he  Program a t  the  present  time. 

It demonstrates t h a t  t he  p o t e n t i a l  value of t he  technology 

We 

The PFES f a i l s  t o  provide a s u f f i c i e n t  bas i s  f o r  a choice among 

poss ib le  Program courses which would s t r u c t u r e  the  Program i n  an optimum 

fashion i n  l i g h t  of the objec t ives ,  funding cons t r a in t s ,  technological  

unce r t a in t i e s  and o the r  considerat ions which en te r  i n t o  t h i s  agency's 

planning funct ion.  The type of information deemed important t o  these 

decis ions is  indicated throughout t h i s  Report. It is t he  Board's im-  

p ress ion  t h a t  t h i s  information i s  cur ren t ly  ava i l ab le  and can be assembled 

i n t o  the  record f o r  a present  dec is ion  on the  Program course. 

F ina l ly ,  the  PFES is n o t  s u f f i c i e n t l y  complete o r  accura te  with 

respec t  t o  several matters bear ing upon the  environmental accep tab i l i t y  
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of deployment of t he  technology. 

s t rongly  suggests  t h a t  t he  unresolved environmental problems and 

the unce r t a in t i e s  concerning technological  a l t e r n a t i v e s  are amenable 

t o  so lu t ion ,  wholly o r  p a r t i a l l y ,  i n  t he  course of t he  ongoing 

O n  t he  o ther  hand, t h e  record 

research and development programs. 

In discharging i t s  r e s p o n s i b i l i t y  t o  conduct an objec t ive  

eva lua t ion  of t h i s  environmental record,  the Board recognizes t h a t  

i t  br ings  t o  the  t a s k  a degree of i n s t i t u t i o n a l  p red i l ec t ion  i n  

favor  of t h e  development of energy technologies.  

t e q e r  this perspec t ive  by a t tending  c lose ly  t o  the  s ign i f i cance  

of outstanding unce r t a in t i e s  i n  the present  state of t h e  record i n  

r c l a t i o n  co the  seve ra l  types of dec is ions  which can 32 dis t inguished  

concerning t h i s  Program. 

dec is ions  on whether t he  LMFBR technology should be made ava i l ab le  

f o r  deployment, thereby incu r r ing  the  ramif ica t ions  of a la rge-  

s c a l e  commercialized indus t ry ,  be made only a f t e r  a more complete 

record i s  provided through add i t iona l  research ,  developnent and 

demonstration of t h i s  important energy option. 

It has  sought t o  

It is on t h i s  b a s i s  that w e  conclude t h a t  

Submitted June 20, 1975. 

Rosert W. F r i  
Chairman of the  I n t e r n a l  

Review Board 
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SECTION I V  C 

REVIEWS OF SEVERAL KNOWLEDGEABLE S C I E N T I F I C  
AND TECHNICAL INDIVIDUALS OUTSIDE THE 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION (ERDA) 

i 



Dr. Robert C. Seamans, Jr, 
Administrator 
Energy Research & Development Admlnis trat ion 
Wkshington, D. C. 20545 

Dear D r .  Seamansr 

In  response to  your and Mr, Frits request ,  I have read 8 large 
p a r t  of t h e  Proposed Final  Environmental Statement f o r  the LXFBR 
program. As you w e l l  r e a l i z e ,  t he  Statement is R massive documant 
which contains  a n  enormous amount of technical detai l  and t o  this is  
added the  extensive remarks, a l s o  containing technica l  d e t a i l s ,  which 
have been communicated by both proponents and c r i t i cs  of the  LMFBR 
program. 

*om my review, I conclude tha t  any questions I had o r  which 
oooured t o  me w h i l e  reading the document almost c e r t a i n l y  are 
answered, a t  least  t o  some degree, soaewhere i n  t h e  many pages of 
d i r a c t  p resenta t ion  o r  i n  the  AEC responses t o  comments by others .  
Therefore, In  what follows i n  t h i s  l e t t e r  are comments which record 
my impression of aspects of t h e  program which s t r ike  me as being 
rather c e n t r a l  t o  any dec is ions  t o  be made. 

1. The Proposed Environmental Statement encompasses the 
a c t i v i t i e s  of a proposed f u t u r e  large i n d u s t r i a l  complex 
not  j u s t  a s i n g l e  i n s t a l l a t i o n  o r  a group of similar 
i n s t a l l a t i o n s .  Further,  such a c t i v i t i e s  are projected over 
t h e  next  45 years. Necessarily, i n  such pro jec t ions  l a rge  
unce r t a in t i e s  In  technica l ,  economic and s o c i a l  matters 
must be accepted and t o  pretend otherwise is t o  ignore 
a11 pas t  experience. Wlthln t h i s  framework, I Judge the  
Statement t o  be an exce l len t ,  balanced and reasonable 
desc r ip t ion  of o u r  energy s i t u a t i o n  as it may dfYJel0p i n  
the  years ahead and of the r o l e  whlch LMFBR's could p l a y  
i n  meeting our energy needs t o  t h e  year 2020, and if needed, 
f o r  many years beyond. 

By and large, the  PFES assumes t h a t  energy opt ions f o r  the  
f u t u r e  are e s s e n t i a l l y  a question t o  be resolved by the 
USA f o r  i t s e l f .  
guards, uranium resource and waste d isposa l ,  clearly are  
not  l imi ted  $0 our  country the  matter of In t e rna t iona l  
opinion on t h e  LMFBR role should'be explored and might 
cast add i t iona l  l i g h t  on- such exerc isas  as cos t /benef i t  
analyses.  

Since some of t h e  problems such as safe- 
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2. My reading of the Statement and Comments suggests that 
the following are technical issues which are of most 
concern; The Core Disruptive Accident; Plutonium 
Hazard: Plutonium Safeguards and WEzste Clsposal. 
Cost/Benafit Analyses are also prominent in both pro 
and con statements, but I believe, the range of pro- 
jected costs and projected reactor performance are such 
that cost/benefit results can and probably will remain 
controversial until commercial operation is seriously 
oontemplated, and commercial operation will not come 
about without the successful operation of a demonstration 
power plant and the completion of some of the necessary 
development work, 
paper studies although they are useful in helping indi- 
viduals form an opinion on the subject. This same 
remark applies to other electric1 ty generation options 
frequently mentioned. 

This dilemma cannot be resolved by 

ReCognlZlng these uncertainties, the PFES does a competent 
job of cost/benefit analysis, and I believe, the results 
quoted are a conservative estimate of the benefits to be 
gained from the use of LMFBR's. 

3. My comments on the technical matters mentioned in (2) 
above .are as follows c 

(a) Core Disruptive Accident 

The central fact here is whether the probability that a 
rearrangement of core geometry producing a non-containable 
mechanical energy release is low enough to be acceptable 
to the public. What might be acceptable is conjecture 
but the discussion in the PFES suggests it is much less 
than 10-7 per reactor year. Of course, whnt energy release 
can be completely contained depends on design and on cost. 
The PFES correctly points out that a specific design of 
reactor and containment are required before the probability 
or consequences of an HCDA can be assessed and that no such 
design exists for commercial breeders or  for the CRBA. The 
Statement ooncludes, however, that recent advances in 
analysis show that for large LMFBB's both the probability 
of; occurrence and consequences of an HCDA are much smaller 
than previously estimated. Finally, Lt Is stated that with 
a rapidly acting control system no serious core damage can 
occur and that the reliability of the control system Is 
guaranteed by requiring two completely independent control 
systems of different design either of which is capable of 
shutting down the reactor. Piore detailed dlscusslon of the 
mechanical and electrical features of such independent 
systems would, I believe, be effective in providing assurance 
that the risk of widespread radioactive contamination from 

Q 

I V  c-2 



- 3 -  

LMFBRrs i B  indeed very remote. In addition, it would 
be very helpful to have a Wash 1400 type of analysis for 
both the CRBR and a commercial size LMFBR directed speci- 
fically to the HCDA. 
which cannot be produced for sone time which again points 
up the fact that commercial use of the system follows 
successful R & D and Demonstration Reactor Programs and 
that we would not need such programs if we now had all the 
answers for commercial use. 

One other point about the probability of HCDA. The 
technical backgroun4 necessary to fully understand all the 
elements which enter Into an assessment of the situation 
will be possessed by relatively few individuals so .the 
layman must depend upon opinlon of ffexpertsff for guidance. 
The Nuclear Regulatory Commiesion and the associated ACRS 
were created specifically to provide such expert guidance. 
It i s  disconcerting to note that nowhere in the adverse 
comments to the P P B  is there any expression of confidence 
that the NRC can be counted upon to protect the public 
from unacceptable risks. No large scale commercilizatlon 
of LMFBR's will come about unless the experts of the NRC 
are convinced that the probability of damaging reactor 
accidents is sufficiently low. It would appear thrzt some 
public eduoation along these lines is badly needed; it 
Is  a public relations matter that should be of some concern 
to NRC. 

Detailed designs are required 

(b) Plutonium Hazard 

A great many pages of the PF'ES are devoted to advancing 
or disputing the claim that a new order of aagnltude of 
radioactive hazard will be experienced i f  plutonium be- 
comes a fuel for reactors. This is not a problem unique 
to the LMFBR but includes all reactor systems with any 
appreciable content of fertile materlal. It a p p l i e s  
especially to the recycle of PU to the LWR's. Construction 
and operation of the CRBR will not add materially to the 
problem (assuming that the question of HCDA Is laid to rest 
by licensing) and so approval of the CRBR should not hinge 
upon a resolution of the Pu hazard question. 

The PFES presentation makes a good case for dismissing 
the '*hot particle" concept as not tenable and the many 
years of experience in handling PU without apparent 
untoward effects is reassuring. More research in this 
area clearly I s  needed so that the difference of opinion 
of about lo5 in the tolerable exposure can be resolved. 
It seems to me, the weight of expert opinlon supports the 
PFES position. 
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(c) SafeRuards 

The question of safeguarding plutonium (amother fissile 
Isotopes) against theft or seizure by terrorists has be- 
come an Issue generating much discussion, some of which 
is quite emotional. The PFES position is that safeguard 
measures have been adequate in the past and are being 
strengthened. For the future it is proposed that additional 
measures are available which can guarantee that even the 
large number of shipments of unirradiated fuel containing 
Pu contemplated for commercial LMFBRfs can be safegusrded. 
It seems to me that what level of effort is required for 
this task is a matter to be determined by law enforcemont 
experts who should be in a much better position to evaluate 
risks than the ordinary person. The PFES estimates the cost 
of an elaborate security system and concludes that it is 
aoc eptable . 
Co-location of facilities would greatly simplify safe- 
guards for some steps in the fuel cycle and if the common 
location included reactors the transportation risk 
essentially could be eliminated. Probably the first step 
in this direction should be location of fuel reprocessing 
and fuel fabrication at the same site thus eliminating 
off-site shipments of small packages containing undiluted 
fissile isotopes. Co-location will become still more 
attractive if commercial LKFBRfs operate with turn-around 
fuel cycles considerably less than the 365 days or more 
assumed for the model plant. 

Clandestine theft of small quantities is being made 
difficult by detection techniques and by much improved 
Inventory checks for the reprocessing and fuel fabrication 
plants. 
I s  still not established as precisely as one would like 
but the theft of material from the head end of a reprocessing 
plant is made very difficult by the intense radioactivity. 
In my opinion, the safeguard question can be resolved with 
cost and risk at acceptable levels. As is noted in the 
PlES this is not just a U.S. problem but applies to a11 
countries operating fission reactors. 

Quantity imput to the chemical reprocessing plants 

(d) Waste Iiisposal 

The PFES proposes to buy time to develop methods f o r  
permanent disposal by using for some years a retrievable 
surface storage facility. Apparently, 32DA recently has 
abandoned this concept and proposes to icove directly to 
sane f n m  of d~s;osal In geologic f o n m t i o n s  Wiich ~JOL::J 

meet the requirements o r  permanent disposal. BeCded salt 
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is  only one of t h e  methods being considered. 
t h i s  more opt imis t ic  approach w i l l  come i n t o  prac t ice  
r e l a t i v e l y  soon otherwise t h e  fu ture  of any nuclear 
power p lan ts  i n  t h i s  country w i l l  be i n  Jeopardy. Such 
permanent d i sposa l  should include the trans-uranics s ince 
schemes t o  separate  them and burn them in reac tors  adds 
another l e v e l  of couiplexity t o  w h a t  already Is complex 
enough. I applaud the e f f o r t  t o  solve t h e  problem now 
and I a l s o  doubt t h a t  the scheme of rletrievable surface 
s torage could be reintroduced. Interinational cooperation 
on waste disposal  scudies and experimlents is obviously 
desirable and should be pursued by ERDA. 

The PFES discusses  a t  some length possible a l t e rna t ives  
t o  f i s s i o n  reac tors  and i n  par t icu lar  t o  theLMFBR. Fossi l  
fueled power plants  based on our largc3 reserves of coal  
a l a a r l y  can meet fu ture  requirements lbut the economic and 
envlronmental c o s t  probably are high. 

Hopefully, 

4. 

O f  the  other  a l t e rna t ives  Solar  and Geothermal stand out; 
both i n  PFES and reviewers comments a i 3  t h e  best hope f o r  
the  period t o  the  year 2000. Fusion Its t h e  br ight  hope 
f o r  l a t e r  years. Y e t  none of these technologies has 
demonstrated technical  capabilities t o  do the job whereas 
the LNFBR i n  a technical  sense is a sure  bet. T h i s  argument, 
it seems t o  me, j u s t i f i e s  pursuing the  LMFBR a t  least through 
the demonstration reac tor  phase. Thin  w i l l  take 1 0  - 15 
years t o  complete and, If a t  that tint! other  options c l ea r ly  
have come through, a new look a t  the s i t u a t i o n  can be taken. 
However, if t h e  Breeder is not pursued vigorously now, I 
bel ieve,  t h a t  the  inevi tab le  long delay i n  ge t t i ng  a program 
started again w i l l  acce le ra te  t h e  sl ide of the  country i n t o  
the  va r i e ty  of ills which are expected t o  r e s u l t  from an 
energy shor t  economy. 

Geothermal e l e c t r i c i t y  generation c e r t a i n l y  i s  possible 
in those areas where w e t  resources a r e r  available and should 
be exploited t o  t h e  f u l l e s t  extent  cons is ten t  w i t h  cos t  and 
environmental impact. However, only t he  hot  dry rock concept 
promises power available everywhere. Since experience w i t h  
hot dry  rock is lacking w e  have no reason t o  be optimistic.  
A t  i s sue  seems to  be t h e  a b i l i t y  t o  create s u f f i c i e n t  heat 
t r ans fe r  surface i n  the rock per w e l l  t o  j u s t i f y  the concept. 
I doubt t h a t  c r ea t ing  the  necessary surface w i t h  nuclear 
explosives w i l l  be acceptable t o  the  public even if shown 
t o  bo technical ly  feasible. 
program should be f u l l y  supported so that r e s u l t s  w i l l  be 
i n  hand on a timely basis. 

The proposed experimental 
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Electrlclty &eneration from Solar Energy by means of 
t h e m 1  conversion, In my opinion, is not a viable 
alternatlve to nuclear power. I believe the situation 
as described in Volume 111 is factual and gives little 
hope for solar energy via thermal conversion in the 
populated areas of our country. 

The situation for photovoltaic conversion I s  similar 
except that the possibilities for invention are much 
better either in the basic cell or in mass production 
technlques. A real break-through in this area can be 
Imagined and would &e solar energy a viable competitor 
to nuclear power. 

The EBDA program for rusion I s  well funded and I s  re- 
oeiving vigorous management attention. It is hard to 
see what mora can be done to advance the date when 
feasibility will he established. In any case, it is 
unlikely that fusion can contribute substantial amounts 
of power before well into the next century as the P P G  
suggests 

The PFES I s  a unique document since it brings together in a 
slnglc format a substantial review of a number of technologies and 
especially, in the large number of references, provides a convenierat 
and up-to-date source of information. 

Permit me to make a final comment. Conservative estlmates of 
fuel cycle costs for the LMFBR are at least as l o w  as the costs for 
the LWR at the present time. But, the LXR costs will rise duo to 
the rise in costs of U308 to $100 a pound and more. The LNFE3 fuel 
agcle costs  will remain low - less than 2 mills / kw-hr. Thus, the 
LMFBR is the only proven means of keeping fuel costs low for the 
indefinite future. Our own estimates and foreign experience lndlcate 
that capital costs of the LiGaa are within an acceptable range. I 
believe that the goal of pro-riding long term low cost fuel for our- 
selves and for other nations w i l l  contribute greatly to our future 
well-being, and is well worth the expenditures contemplated by the 
LMFBR program. 

Yours truly, , 

Walter H. Zinn' ' 
1155 Ford h n 3  
Duncdin, Florida 33528 
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ds I N S T I T U T E  FOR E N E R G Y  A N A L Y S I S  

P. 0. Box 117 / Oak Ridge. Tennessee 37830 / (615) 483-8411 

May 23, 1975 

D r .  Robert C. Seamans, Jr .  
Energy Research and Development Admini s t ra t i on  
300 Seventh Street, Southwest 
Washington, D. C. 20545 

Dear D r .  Seamans: 

This l e t t e r  i s  i n  response t o  D r .  F re i ' s  request f o r  my comments 
on the LMFBR Environmental Impact Statement. Though 1 was asked 
t o  comment s p e c i f i c a l l y  on the nuclear a l te rna t ives  and on the 
fue l  cycle and waste management, I sha l l  o f f e r  some more general 
observations, both on the E I S  and on the breeder program. 

General Observations 

1. The LMFBR Environmental Impact Statement i s  a remarkably 
complete compendium o f  nuclear energy. I t w i l l  serve f o r  many 
years as an excel lent  summary o f  the s ta te  o f  the technology as 
of 1975. 

2. The tone o f  the E I S  i s  too defensive. Though I have not read 
a l l  o f  it, I have not  come across any place i n  the statement where 
AEC concedes tha t  the intervenors have a substantial po int .  Yet 
some o f  the issues - f o r  example, the long-term management o f  
wastes - are c l e a r l y  moot and w i l l  probably always remain so. 
The E I S  would be improved i f  the strength o f  the intervenors' 
pos i t ions were conceded i n  those cases where questions are s t i l l  
unresolved. 

3.  The E I S  seems not t o  confront f u l l y  the impl icat ions of a 
very large commitment (say 500 t o  1000 p lants)  t o  LMFBRs, though 
i t  j u s t i f i e s  the LMFBR on the grounds tha t  such a large commitment 
i s  needed i f  energy from f i s s i o n  i s  t o  remain important a f t e r ,  say, 
2020. I bel ieve there i s  a basic inconsistency i n  the E I S  i n  t h i s  
respect: the statement would be stroiiger, o r  a t  leas t  more con- 
s is ten t ,  i f  i t  t r i e d  t o  v isua l i ze  the impl icat ions o f  the f u l l -  
blown LMFBR deployment, not simply the impl icat ions o f  a s ing le  
plant, o r  a few plants. 
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4. My own view o f  the LMFBR commitment i s  rather d i f f e r e n t  than 
the one implied i n  E IS .  I view the e f f o r t  as a vas t ly  important 
experlment that, however, does not necessarily lead t o  a viable, 
comnercial industry. 
comnercial industry s t i l l  remains t o  be seen. I n  pa r t i cu la r ,  i t  
i s  absolutely necessary tha t  the fue l  cycle be closed. 

5. I personally bel ieve tha t  a l te rna t ives  t o  LMFBR should be 
retained; my reasons for so be l iev ing  are summarized i n  the ac- 
companying paper which I presented a t  the round table discussion 
on breeders before the European Nuclear Conference i n  Paris 
Ap r i l  22, 1975. 

6. 
have u n t i l  we need breeders. 
l’commercial introduction” o f  the breeder i n  1987. The AEC energy 
demand pro jec t ion  used i n  the E I S  i s  some 14 percent higher than 
the FEA Project Independence project ion f o r  1985. 
therefore be made f o r  our taking more time t o  get the breeder. 

My own view is,  since we do not r e a l l y  know when we sha l l  need 
the breeder, prudence d ic ta tes  tha t  we develop the technology 
as fas t  as we can, but make no commitment t o  commercialization 
u n t i l  we know more about how successful the e n t i r e  enterpr ise 
appears t o  be. 

7. The E I S  i n  a sense tends t o  underestimate the f u l l  s i g n i f i -  
cance o f  a successful breeder. 
o f  the rock under1 ing the U. S. to a depth o f  one mi le  i s  

Environmental Impact Statement for granites containing 4-10 ppm. 
I f  Th i s  added t o  t h i s  (10 ppm), the f i gu re  i s  600 x lo9 tons. 
The net energy balance a t  3 ppm i s  s t i l l  pos i t i ve  by a fac to r  o f  
two o r  three. Thus, the breeder can tap essent ia l l y  as large an 
energy source as fusion based on L i .  
s igni f icance o f  the breeder seems not t o  be recognized f u l l y  i n  
E I S .  As I th ink  of j u s t i f i c a t i o n  f o r  demonstrating the breeder 
f u l l y ,  I keep coming back t o  t h i s  major a t t r i b u t e :  the breeder 
taps an a l l  but inexhaustible source o f  energy, and a t  a p r i ce  
we can estimate f a i r l y  we l l  once the f u l l  demonstrations are 
made. 

Whether LMFBRs can be the basis f o r  a t r u l y  

Related t o  the l a s t  two points i s  the matter o f  how long we 
The E I S  p ro jec t ion  c a l l s  fo r  

A case can 

The uranium content (at  3 ppm) 

closer t o  150 x 10 4 tons than the 1.8 x 109 tons quoted i n  the 

The full very long-term 

I rea l i ze  tha t  t h i s  i s  perhaps a phi losophic point :  but much 
o f  the cogent c r i t i c i sms  o f  nuclear energy and o f  the breeder 
are also very long range and philosophic. I would much pre fer  
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t o  res t  the case fo r  the breeder on i t s  capacity t o  tap an in- 
exhaustible source o f  energy, and concede tha t  i n  exchange for 
t h i s  a l l  but  incalculable advantage we sha l l  have t o  l i v e  w i th  
ce r ta in  r isks.  

There i s  an important short-term consideration. A t  present the 
debate centers around urgency o f  the breeder. The a n t i ' s  th ink  
we can a f fo rd  t o  wai t  - long enough t o  see whether a l te rna t ives  
(fusion, solar) may prove out; i f  they do not prove out, they say, 
we won't have l o s t  anything by wait ing. 
that  commercialization by the mid-90's i s  probably acceptable), s t i l l  
fee l  we have none too much time, even t o  achieve that goal. 
view Is that  prudence requires us to move as rap id ly  as possible. 

F ina l l y ,  the E I S ,  as indeed does the reactor industry, makes the 
i m p l i c i t  assumption that breeder reactors must be compatible w i th  
the ex i s t i ng  structure o f  the u t i l i t y  industry. I am not convinced 
that t h i s  i s  r e a l l y  the case. If, f o r  example, co-location o r  
nuclear parks were r e a l l y  decided on as a nat ional  pol icy,  then 
i t  i s  qu i te  l i k e l y  that  the u t i l i t y  industry w i l l  have t o  a c c o m -  
date t o  the breeder technology, rather than the other way around. 

The pro 's  (while conceding 

My own 

Speci f ic  Issues 

A. A l te rna t ive  Nuclear Options 

1. I n  general, these are f a i r l y  stated. The major weakness i s  the 
discussion o f  CANDU. The E I S  leaves the impression tha t  CANDU w i l l  
be harder t o  l icense than LWRs, and tha t  the changes necessary t o  
make i t  l icensable are very d i f f i c u l t .  I f ind t h i s  discussion 
qu i te  unconvincing. As f a r  as comnercial introduct ion of CANDU i n  
the U. S. i s  concerned, the marketplace w i l l  decide t h i s  - probably 
w i t h i n  the next 10 years. 

The CANDU-Th system i s  also dismissed too l i g h t l y .  This system, 
l i k e  the LWBR, has the advantage o f  using "exist ing" technology. 
I t has the disadvantage o f  not being a breeder, a t  least  a t  what 
seem t o  be reasonable economics. 1 d i d  not f i n d  a c lear  confron- 
t a t i o n  o f  these points i n  the Environmental Impact Statement. 

2. 
i t  i s  in to le rab le  tha t  LWBR technology i s  t reated i n  secrecy, as 
though nat ional  secur i ty were a t  stake. 
1300 t o  3000 tons of U as the 30-year commitment f o r  a l i g h t  water 
breeder reactor. I consider i t  disgraceful that, as f a r  as I know, 
no one outside the LWBR program understands the LWBR s u f f i c i e n t l y  
t o  check these numbers knowledgeably. 

- LWBR - The main po in t  here i s  that, a f t e r  a l l  these years, 

The E I S  gives a range o f  

Actual ly i f  the 1300 tons 
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i s  correct ,  LWBR could tu rn  out t o  be a more serious competitor 
than most nuclear people would have thought possible a few years 
ago. 

3. My own recommendation i s  t o  
take MSBR more ser ious ly  than i s  now being done. 
i n  the discussion o f  both MSBR and GCFBR i s  tha t  i f  they do not  
displace LMFBR before LMFBR becomes commercial they w i l l  never 
make i t .  This I bel ieve i s  not borne out by the h i s t o r y  o f  o ther  
technologies: j e t s  replaced rec iprocat ing engines, steam turbines 
replaced steam engines; the best burner reactor i s  ye t  t o  be de- 
termined. If, as l believe, breeder reactors w i l l  probably form 
the base f o r  man's energy system f a r  i n t o  the fu ture,  i t  i s  more - 
not  less - l i k e l y  tha t  several breeder types should be examined 
exhaustively. 

=.- This i s  a good summary. 
The imp l ica t ion  

B .  Waste Disposal 

1. As I understand the s i tua t ion ,  ERDA has decided t o  abandon 
plans fo r  above-surface waste depositories. The discussion of waste 
disposal i n  EIS i s  therefore a l i t t l e  beside the point .  

2. I personally agree w i t h  the view tha t  nuclear should not go ahead 
unless a permanent so lu t ion  f o r  wastes i s  developed. To t h i s  extent, 
I bel ieve the intervenors are r i gh t .  However, I bel ieve AEC i s  wrong 
i n  denying tha t  bedded s a l t  i s  an acceptable method of permanent d is -  
posal. I do no t  be l ieve any o f  the objections t o  bedded s a l t  - in -  
t rus ion  of water, cracking o f  overburden, migration o f  plutonium - 
are va l id .  
migrat ion o f  Pu comes from the nafural reactors i n  Oklo, Gabon. 
There are strong ind icat ions tha t  a t  leas t  90 percent o f  the Pu 
remained i n  place, even though the plutonium was formed 2 x 109 
years ago. I bel ieve t h i s  observation should be made an important 
pa r t  o f  the Environmental Impact Statement on waste disposal. 

3. The E I S  should s ta te  more c lea r l y  what the u l t imate  capacity o f  
s a l t  i s  - how many reactors f o r  how many years can be accommodated. 

One o f  the most compelling b i t s  o f  evidence as t o  the 

C. Fuel Cycle 

1. 
demonstrated reprocessing cycle. This po in t  was made by Frank1 i n  
o f  the United Kingdom a t  the European Nuclear Conference: he in-  
s i s ted  tha t  reprocessing o f  h igh l y  i r rad ia ted  fue l  poses new problems 

A major weakness o f  the LMFBR program i s  the lack o f  a f u l l y  
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whose solution is not readily apparent. The Johnson Foundation- 
Cornell University conference at Wtngspread May 14-16, I975 cor- 
robated my belief that the fuel recycle is desperately in  need of 
attention. The Environmental Impact Statement does not recognize 
this situation realistically. 

2. 
emissions from the chemical plant, the EIS should give integrated 
contamination after much longer periods of time - say 50 years, 
100 years, 500 years. This is one of the touchiest problems: 
will the widespread use of Pu lead to gradual contamination of 
particular areas? 

3. This i s  one reason why co-location of nuclear reactors seems 
like a good idea: to reduce and isolate the area that can con- 
ceivably be affected by operation of LMFBR and its supporting 
facilities. 

In discussing contamination of land by Pu because of routine 

4. 
for the chemical plant is nowhere near as detailed as the one for 
the reactor. 

In general, one gets the impression that the accident analysis 

Conc 1 ud i ng Remarks 

As I have already said, the LMFBR Environmental Impact Statement is 
a remarkably complete estimate of where nuclear energy stands today, 
and where it is likely to go in the future. Its tone is, on the 
whole, too defensive; and it gives too much the impression of trying 
to support existing positions. 

As for my own recomnendation as to what should be done in the breeder 
program, I would urge: 

1. 
'lcommercial ization". 
FFTF as fast as possible. As for the Clinch River Breeder Reactor, 
we are in an inconsistent position. FFTF was supposed to provide 
information for CRBR. instead, we build both simultaneously. This 
is hardly justified by pure logic; yet I am reluctant to recommend 
deferral of CRBR largely because the program would lose too much 
momentum by such deferral. I f  CRBR is not funded, a large steam 
generator facility must be built in its stead, and the opportunity 
taken to streamline and rationalize management of the project along 
the lines recommended to you by H. G. MacPherson. 

2. All possible speed should be made with fuel recycle. 

All possible speed with LMFBR, but make no commitments about 
This would mean, first, finishing and operating 
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3. 

A program such as t h i s  would ce r ta in l y  be viewed as a "technology" 
program; and i t  would meet c r i t i c i sms  of  those who are unprepared 
t o  go t o t a l l y  on LHFBR, but who are prepared t o  b r ing  the technology 
t o  f u l l  development. 
"commercialization" w i l l  largely take care o f  i t s e l f .  

I make t h i s  po in t  because i n  some o f  the Congressional hearings 
there i s  a general acceptance o f  the idea o f  developing the tech- 
nology, but less acceptance o f  the idea o f  a fu l l - f ledged commercial 
commitment. I submit that  bu i ld ing  CRBR, demonstrating recycle, 
keeping other breeder options open i s  a prudent approach t o  the 
technology. Yet, i t  does not pre-empt the question o f  commercializa- 
t i o n  u n t i l  a f t e r  some o f  the returns are in. 

Keep the a l te rna t i ve  breeders a l i v e  seriously. 

I f  FFTF, CRBR, and recycle are successful, 

Sincerely yours, 

A l v in  M. Weinberg J 

8 



Round Table Discussion 

on 

THE ROLE OF THE BREEDER' 

Remarks 

A lv in  M. Weinberg 
by 

(1) 

resources. 

serves our uranium resources, one must consider not only doubling 

The breeder i s  important as a means o f  conserving uranium 

Therefore i n  choosing the kind o f  breeder tha t  best con- 

time, but a lso  the conservation coef f i c ien t .  This i s  the product 

o f  breeding gain times (spec i f i c  power) . I n  a breeder power system 

whose size i s  increasing l i nea r l y  w i th  t ime,  the t o t a l  amount o f  

uranium ore tha t  must be mined f o r  such a power system i s  inversely 

proport ional t o  the conservation coef f i c ien t .  Speci f ic  power enters 

the conservation coe f f i c i en t  as the square. Thus a f i v e f o l d  advantage 

i n  breeding gain i n  fas t  breeders (0.25 compared t o  .OS) i s  balanced 

2 

by a 2.2-fold advantage i n  spec i f i c  power o f  thermal breeders o f  the 

molten s a l t  (or oxide s l u r r y  D20) type. 

prove cor rec t  - and the cool ing time before reprocessing i s  several 

years f o r  h igh ly  burned up oxide - then the spec i f i c  power o f  the 

LMFBR may be reduced by perhaps a fac to r  o f  two, which means tha t  the 

conservation coe f f i c i en t  o f  the MSBR becomes r e l a t i v e l y  more favorable. 

(2) 

i s  uranium. Le t ' s  use it. 

I f  M r .  Frankl in's predict ions 

Thorium i s  three times as abundant i n  the earth 's c rus t  as 

lPresented before the Paris Nuclear Conference, Apri 1 22, 1975. 
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(3)  I have maintained, and sha l l  always maintain, that  the 

a l l -bu t -un i la te ra l  comnitment a t  t h i s  stage o f  the technology t o  

a s ingle l i n e  o f  breeder development i s  imprudent. 

matur i ty o f  nuclear energy; yet, there are s i x  separate converter 

systems s t i l l  i n  contention: PWR, BWR, CANDU, HTGR, SGHWR, and the 

Russian graphite-moderated, l ight-water-cooled system. But when 

confronted w i th  the much harder task o f  the breeder, we make an 

a l l  but un i l a te ra l  comnitment t o  a s ing le  system, the Liquid Metal 

Fast Breeder Reactor; and we make tha t  comnitment before we have 

r e a l l y  demonstrated an essential step i n  the cycle: reprocessing. 

Drs. Angel l in i ,  Giraud, and Moulle suggested 1990 as the year o f  

introduct ion o f  breeder. I suggest that  these 15 years could we l l  

be used t o  develop several a l te rna t ives  t o  the LMFBR. 

(4) Most speakers seem t o  view f i ss ion  as an in te r im energy 

source, t o  be replaced by fusion. I submit there i s  l i t t l e  hard 

evidence fo r  t h i s  posi t ion:  the strong p o s s i b i l i t y  i s  that  f i s s i o n  

breeders w i l l  betune man's ul t imate energy source. From t h i s  long- 

range viewpoint, we cannot re jec t  a l te rna t ives  t o  LMFBR because o f  

contention tha t  #' there i s  too 1 i t t l e  t id'. 

(5) The a l te rna t i ve  1 most favor i s  the Molten Sa l t  Breeder 

Reactor (MSBR), though I believe the world r e a l l y  has resources t o  

examine several other a l te rna t ives  seriously. HSBR i s  now being 

supported as a technology e f f o r t  i n  the U. S. The most recent 

experiments suggest tha t  Tellurium-induced intergranular cracking 

can be kept under control  by small addit ions o f  T i  t o  nickel-based 

Hastel loy N. The qu i te  remarkable continuous operation o f  MSRE 

We speak of the 
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(2.5 years fue l  s a l t  c i rcu la t ion ,  1.5 years equivalent f u l l  power) 

suggests t o  me tha t  f l u i d  fue l  reactors can be made t o  operate 

re1 iab ly .  

( 6 )  

t o  be pre-empted prematurely by one pa r t i cu la r  reactor type. 

problems o f  f l u i d - f u e l  reactors are very d t f f e r e n t  f r o m  those o f  

so l id- fue led reactors. I f one concedes the advantage o f  diverse 

approaches t o  the breeder, then I suggest the arguments f o r  serious 

pursu i t  o f  the f l u i d  fue l  system remain as compelling today as they 

were when f i r s t  proposed a t  the 1955 Geneva Conference. 

My basic plea i s  f o r  d i ve rs i t y :  the breeder i s  too important 

The 

. .  
i t  

, .  . .  

. .  . . .  . 
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SANTA MONICA, CA 90406 

DONALD 8. RICE 
President 

The Honomble Robert C. Seamans, Jr. 
Admi nis tra t or 
Energy Research and Development Administration 
Washington, D.C. 20545 

Dear Bob: 

This letter responds to your request for an independent review of the cost-benefit 
analysis of the liquid metal fast breeder reactor (LMFBR) contained in the Proposed 
Final Environmental Statement (PFES: WASH-1538, Vol. 4). Because no new 
research could be carried out in the time available, I have depended for the most 
part on existing studies and publications as well as on past Rand experience with 
the study of advanced-technology systems. 

1 have been assisted i n  my review by Professor Alan Manne and Richard Richels 
of Harvard University, James Plummer of NSF, and, extensively, by Arthur Alexander 
of Rand. 
others do not necessarily subscribe to a l l  of them. 

My principal conclusions are summarized below, followed by a more detailed 
discuss ion. 

The conclusions expressed, however, are those I have reached myself; the 

Summary of Findings 

This review of the cost-benefit analysis of the LMFBR i s  in three sections, each of 
which looks at the issue from a somewhat different perspective. The first section 
examines several of the most important assumptions and detailed projections which 
underlie the analysis. Section I1 reviews the role of cost-benefit analysis as a tool 
for decisionmaking in the LMFBR case, based on the analysis contained in  the PFES 
and on the modifications suggested by our review. 
findings, the third section suggests some guides for future policy. 

Based on a synthesis of these 

The findings i n  brief: 

o Capital cost differentials between LMFBR and LWRs are likely to be 
substantially higher than $lOO/kW, based on learning curves applied 
to present estimates of the Clinch River Breeder Reactor (CRBR) and 
and Near Commercial Breeder Reactor (NC8R). 

Q 
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R&D costs may go much higher than the PFES estimate of $5 billion 
(discounted), based on LMFBR program experience to date  and 
evidence from Rand studies of defense R&D. 

The growth of demand for electrical energy over the next 10-15 
years will almost certainly be slower than assumed in the PFES; 
demand in 2020 could easily be half of that postulated in the base 
case predictions, b a s e d  on independent estimates with price effects 
included . 
Several circumstances adverse to the LMFBR are likely to occur in 
concert, substantially reducing net benefits from the PFES "base" 
case (in contradiction to the study's conclusion C11.3-13). 

Net benefits are  not very sensitive to the LMFBR availability date  
(in contradiction to the study's conclusion C11.2-!3). 

The great uncertainties that characterize both the program and the 
economic environment in which i t  is embedded can be effectively 
met only with an  austere, incremental, sequentia.1 development 
program, with adequate t ime  for test and evaluation, and with a 
plan for resolving uncertainty over time. 

A slimmed down, sequential program may be acceptable to pro- 
ponents and opponents if confidence and trust are established through 
frank and open public program reviews by ERDA. 

1. REVIEW OF ASSUMPTIONS AND PROJECTIONS 

In a work as detailed, voluminous, and basically well done as the PFES, I could 
naturally select only a few points to review and comment  on. However, two 
specific areas critically affect the predicted net benefits of the project -- capital 
cost differentials between the LMFBR and light water reactors, and RBD costs. 
There is reason to be concerned with their treatment in the PFES. In addition, I 
propose to comment on the appropriate discount rate and to review a number of 
estimates of near term electrical energy demand growth that deviate from assump- 
tions in  the cost-benefit analysis. 

Capital Cost Differentials 

The capital cost estimate of $520/kW at "initial commercial introduction" of the 
LMFBR is not a credible figure and introduces considerable doubt about the early 
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$1OO/kW differential of the LMFBR over the light water reactor (LWR). The AEC 
used an engineering cost model (based on unknown assumptions as to the maturity 
of the LMFBR technology) to derive this low capital cost, which would be only 
24 percent higher than the projected $420/kW costs of a mature LWR i n  1987. 
One relatively firm piece of information i s  inconsistent with these calculations -- 
the design costs of the Clinch River Breeder Reactor (CRBR). These costs can be 
used in conjunction with empirically established learning curves to develop future 
LMFBR capital costs. 

The current construction cost projection for the CRBR i s  $1.2 bi l l ion 
watts -- giving a capital cost/kW of more than $3400. 
for the reactor to follow the CRBR -- the NCBR -- predict capital costs i n  the 
region of $2000/kW. But since neither of these plants has been built, both of 
these figures are conjectural and may, i n  fact, be too low. Applying a 90 percent 
learning curve to initial costs of $2000 and $3000/kW suggests that LMFBR costs 
w i l l  be much larger than LWR costs'until at least year 2020.3 If LWR capital costs 
fall by 1 percent per year as a result of productivity growth and technological 
change, a 90 percent learning curve applied to $1000, $2000, and $3000/kW initial 
costs does not bring down future costs far enough to meet the slowly falling LWR 
costs (see Table 2 and Figure lL4 
capital costs become equal to LWR costs -- in  1990, 1999, and 2020 for the $1000, 
$2000, and $3000 initial cost cases, respectively. 
reduction at this fast rate i s  quite unlikely. 

2 for 350 mega- 
Similarly, rough estimates 

Only for an 80 percent learning curve wi l l  LMFBR 

Experience suggests that cost 

'Learning curves are empirically based relationships i n  widespread use to 
project the reduction in unit costs associated with each doubling of cumulative 
quantity produced. A 90 percent curve means that the cost of the last unit pro- 
duced i s  reduced by 10 percent when quantity produced i s  doubled. See Table 1 
for examples. Typical learning curve values i n  other fields are 78-85 percent for 
airframes, 90-92 percent for aircraft engines and rocket motors, 95-98 percent for 
electronic systems: 
Industry, The Rand Corporation, R-291, July 1956, for a discussion of the theory 

See H. Asher, Cos;-Quantity Relationships i n  the Airframe 

&d application of learning curves. 

2GA0 Report on LMFBR, April 28, 1975. 

3The cost-benefit analysis uses a 98 percent curve, but claims that a 90 percent 
relationship was characteristic of LWRs 111.2-84 and ERDA Staff Statement, May 27, 
1575, p. 191. 
have been experienced with LWRs 11 1.2-913. 

optimistic assumptions of early introduction date and rapid production rate of 
commercial LMFBRs. 
of the PFES may doubt these assumptions. 

French studies also conclude that learning curves from 87-92 percent 

41n the calculations of Table 2 and Figure 1, we rely on the PFES' highly 

The first few lines of page 11.2-134 indicate that the authors 
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Table 1 

EFFECT OF LEARNING PROCESS ON PROD JCTION COSTS OF 
FOR ALTERNATIVE LEARNING CURVE ASSUMPTIONS. 

NIT, 

A DOUBLING OF NUMBER PRODUCED REDUCES UNIT COST OF 
LAST ITEM TO SPECIFIED PERCENTAGE. 

h r g i n a l  Cost of Last Unit as Proportion of Cost of First Unit 
Unik With Learning Curves of: 

Produced 95% 90% 85% 80% 

1 1 *o 1.0 1 .o 1 .o 
2 

4 

8 

16 

32 

64 

128 

256 

512 

1 024 

.95 .90 .85 .80 

.90 .81 .72 .64 

.86 .73 .61 .51 

.81 .66 .52 .41 

.n .59 .a .33 

.70 .48 .32 .21 

.74 .53 .38 .26 

.66 .43 .27 .17 

,453 .39 .23 .13 

.60 .35 .20 .ll 
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Table 2 

CAPITAL COSTS PER kW OVER TIME WITH OPTIMISTIC 
INTRODUCTION SCHEDULE AND ALTERNATIVE 

LEARNING CURVES AND FIRST UNIT COSTS 

Capital Cost/kW at Specified 
Initial Costs and Learnina Curves - 1 

$IOOO/~W initial cost $2000/1<~ initial Cost $ ~ O O O / ~ W  initial Cost Units 
Year Produced 90% 80% 90% 80% 90% 80% 

1986-87 1 1000 1000 2000 2000 3000 3000 

1988-89 9 716 494 1432 988 2 148 1482 

1990-9 1 22 625 370 1250 740 1875 1110 

1992-93 46 559 292 1118 584 1677 875 

1994-95 80 514 244 1028 488 1542 732 

1996-97 126 480 21 1 960 422 1437 633 

1998-99 186 450 186 900 372 1355 558 

2000-0 1 252 430 169 860 338 1293 507 

2002-03 352 410 151 820 302 1230 453 
2004-05 462 390 139 780 278 1182 417 

2006-07 560 380 130 760 260 1146 390 

2008-09 670 370 123 740 246 1116 369 

2010-19 1178 340 103 680 206 1023 309 

i 
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Let me emphasize that so far we have been speaking only of marginal costs -- 
that is, the cost of the last unit. Average costs wi l l  be considerably higher 
since they are calculated over al l  the earlier, higher-cost units. The average 
cost of 1000 units with a 90 percent learning curve and $1000, $2000, and 
$3000 per kW initial costs would be $410, $820, and $1230. Of course, the 
assumption of a 1000 unit "production run'' may be quite optimistic; average costs 
would be higher for lower quantities. 

The PFES assumed that, except for the more rapid learning effects i n  the LMFBR 
because of its relatively less mature status, productivity increases in LWR plants 
and other shifts i n  generating costs w i l l  parallel those i n  LMFBR plants. 
assumption rules out independent productivity gains by established technologies -- 
it ignores the steady, non-transferable productivity increases over the years that 
result from construction and operation of plants of a given type. However, major 
shifts in costs due to economy-wide forces, such as environmental consideratigns, 
would affect generically similar equipment i n  a parallel fashion, as assumed by the 
PFES. 
costs falling over many decades at a rate that i s  somewhat faster than average U.S. 
productivity gains. (This equipment i s  also more efficient in i t s  use of fuel and 
labor inputs.)' Inflation-adjusted costs of both fossi I and nuclear plants, though, 
began to rise in 1970, the apparent result of economy-wide forces stemming from 
design changes required by tighter environmental standards and from an overextended 
construction industry i n  which frices were rising faster than overall inflation and 
productivity was deteriorating. The upturn i n  generating costs i s  unlikely to con- 
tinue indefinitely into the future. When design standards for safety and pollution 
stabilize, the long term historical trend in  productivity improvement should resume. 
This assumption i s  reflected i n  the 1 percent annual productivity increase for LWR 
plants shown in  Figure 1. 

This 

Several studies of steam-power electrical generating plants show capital 

I conclude from the above that the $520 capital cost figure for initial commercial- 
ization of the LMFBR i s  highly unrealistic -- given what we know about CRBR and 
NCBR. Capital cost differentials are likely to be considerably higher than even 
the worst case calculation in the PFES. 
case level of $520 are approximately two-thirds of total bus bar electrical costs, 
our calculations imply substantially higher electrical costs than assumed in  the PFES. 
LMFBR technology that i s  not competitive w i th  either LWR or fossil fuel generators 
i s  thereby implied. 

Since LMFBR capital costs at the base 

'See, for example, Yoram Barzel, "The Production Function and Technological 
Change in the Steam Power Industry," Journal of Political Economy, Vol. 72, April 
1964. 

i n  the United States, 'I Center for Policy Alternatives, M. I .  T., September 1974; 
McTague, et al., Nuclear News, February 1972; Roe & Young, Power Engineering, 
June 1972. 

'See, lrvin C. Bupp, et al., "Trends i n  Light Water Reactor Capital Costs 
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R&D Costs 

Research and development costs of the LMFBR could well be two to three times 
higher than those projected i n  the PFES. 
in the LMFBR program itself as well as on parst Rand studies of the acquisition 
of high technology systems in  the military ancl civilian sectors, both i n  this country 
and abroad. 

This conclusion i s  based on experience 

The Fast Flux Test Facility has experienced Q program cost overrun, over an eight 
year period, of from 500 to 1000 percent, depending on what i s  included in  the 
initial and final estimates. 
that costs were several times greater than firsf anticipated and that schedules slipped 
by more than six years. 

The Sodium Pump Test Facility, from first estimates in 1966 to actual results in 1974, 
experienced a cost growth of 300 percent (untrdjusted for inflation) for a sodium pump 
capacity that was onSy one-third of that originally planned. 
pump capacity would increase costs to more than eight times original estimates 
(unadjusted). 

Adjustment for inflation would not alter the basic finding 

Modifications to increase 

In the three years since 1972, cost estimates for the Clinch River Breeder Reactor 
have climbed from $700 million to $1.77 billion. This growth factor of 250 percent 
Over a three year period i s  based on design studies only -- construction of the plant 
has not yet begun. 1 

General Electric's Midwest Fuel Recovery Plant, intended to extract uranium and 
plutonium from exhausted nuclear fuel rods, was expected to cost $36 million i n  
1969 when construction began, with a complei.ion date set for mid-1970. 
costs had risen to $64 million and the plant did not work; current plans are uncertain, 
but the plant may be abandoned or scrapped. 
would be expected to take four more years with additional expenditures of $90 million 
to $130 million. 

By 1974, 

Redesigning and rebuilding the facility 

2 

These are perhaps extreme statements of cost growth trends because they extend 
from very preliminary first estimates -- which are characteristically optimistic -- 
rather than from estimates based on careful entgineering and statistical cost analyses. 
Nevertheless, studies of major weapon systems indicate that cost overruns are 
proportional to the degree of technological adflance sought i n  a p r ~ j e c t . ~  Resolving 

'These three cases are summarized in, "The Liquid Metal Fast Breeder Reactor -- 
Past, Present, and Future," by the Comptroller General of the United States, General 
Accounting Office, RED-75-352, April 1975. 

2 

Science, Vol. 185, 30 August 1974. 
See, "Nuclear Fuel Reprocessing: GE's Balky Plan, Poses Shortage, 'I 

-I 
3 
Robert L. Perry, et  al., System Acquisition Strategies, R-733-PR/ARPA, 

The Rand Corporation, 155'1. 
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major technological uncertainties i s  usually more costly than anticipated. 
natural optimism of program advocates often tends to obscure the realities of 
state-of-the-art advances actually required i n  a program. 
a technological feature that i s  conceptually well i n  hand i s  often treated as being 
''on the shelf." 
well-advanced technology which has reached the demonstration plant stage. " 1  
This enthusiastic and optimistic attitude, while understandable and often even 
commendable, makes risky projects seem sure things -- a process that usually 
increases the probability of project failure. 
above should serve to dampen such confidence. 

The 

To project engineers, 

The ERDA staff, for example, concludes that "the LMFBR i s  a 

The nuclear plant experience cited 
2 

Cost growth caused by pushing the technology i s  com 
uncertainty of prediction made over lengthy periods.3POAs information i s  generated 
through the construction and testing of a system, cost predictions become more 
accurate. The length of time between R&D cost predictions and the expected 
completion of facilities can exceed ten years. The effect i s  to multiply new 
technology cost growth by a factor that grows exponentially with the prediction 
interva I. 

unded by the added 

Given this history, i t  would not be a unique outcome i f  LMFBR costs rose to 
several times the current estimates, given the long time horizon over which they 
are projected. Indeed, some large increase in  program costs should be expected 
and taken into account by decisionmakers. 
of benefit-cost calculations to discounted R&D costs at  the PFES level of $5 billion 
and at higher levels of $10 billion and $15 billion. The third section discusses an 
alternative R&D strategy that treats the technological uncertainties i n  a more 
appropriate manner. 

As an aside, the PFES treats a wide range of variability i n  factors affecting the 
benefit side of benefit-cost calculations, but does no analysis of cost. 
i n  costs has great impact on net benefits, as Section I1 wi l l  show. 
extensive analysis i s  needed of costs to illuminate the basis for the estimates and 
identify the sources of uncertainty. 

Section I1 wi l l  examine the sensitivity 

Variability 
A much more 

'ERDA Staff Statement, May 27, 1975, p. 4. This statement can be ccm- 
pared to a similar assessment by the Secretary of the Air Force before Congress in 
1966 with respect to the development of the C-5A transport aircraft: "The C-5A 
i s  within the state of the art and we should have no great trouble i n  building it." 
In 1975, the GAO reported: 
explained that the C-5's major systems and subsystems, as well as the airframes, are 
extremely complex and that their designs are at  the upper l imi ts of the state of the 
art. 'I 

2A specific case of cost underestimation i s  the NCBR for which the PFES 

"They [officials of the Military Air l i f t  Command1 

includes $276 million, surely far too low an amount for the government share. 

'Alvin Harmon, A Methodology for Cost Factor Comparison and Prediction, 
RM-6269-ARPA, The Rand Corporation, 1970. 
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Discount Rate 

We have l i t t le to add to the voluminous literature on the appropriate discount rate 
except to comment on the treatment of the discount rate i n  the PFES. 

The PFES uses discount rates of 10, 7-1/2 and 5 percent. I am persuaded by the 
literature and by analytical experience that the appropriate rate i s  at or near the 
high end of this range. 
having only arithmetic interest. 

Contrary to the PFES, I do not agree that the conclusions turn heavily on the 
discount rate. 
demand, capital cost differentials, uranium supply, and others not reviewed here 
have, i n  my view, more impact on and relevance to a decision on the LMFBR. 
It i s  not discounting that makes i t  difficult to reach a conclusion i n  favor of 
"full speed ahead" on the LMFBR but, rather, the location of the ranges of 
uncertainty on other key parameters. 

The calculations based on 5 percent should be seen as 

Factors such as technological uncertainty, future electricity 

Electrical Enorav Reauirements 

Future electrical energy demand in the PFES cost-benefit analysis centers ''around 
a case based on historical projection'' C 11.2-551, with total energy demand 
continuing to grow in relation to GNP much the same as in the last 25 years 
C11.2-531. 
maintain post trends at about a 7.8 percent annual growth rate. 
on, alternative growth paths are assessed until the year 2020. 
of the growth path i s  the early period where the base for future growth i s  established 
A 7.8 percent growth trend over ten years would resrrlt i n  a level of electricity 
consumption that i s  29 percent higher than the level for a five percent growth rate, 
and 42 percent higher than the level for a four percent rate. Even i f  projected 
growth after the first decade i s  reduced to the same low level far each of the initial 
alternatives, the differences established in  the first decade wi l l  persist. 
near-term future i s  close to recent experience, uncertainties i n  prediction should be 
relatively amenable to detailed analysis, whereas the long-term predictions are 
appropriately made with cruder tools. 

In particular, near- term growth over the next decade i s  expected to 
From that point 

A critical section 

Since this 

Most of the independent analyses of future electricity demand have estimated early 
period growth rates considerably below the PFES base case, with consequent low 
consumption levels projected for future periods. 
Agency (EPA), citing Project Independence projections, calculates electrical energy 
demand for 2020 to be 28 to 33 percent below the PFES base case. 
that even a 50 percent lower figure i s  u reasonable possibility.' 

The Environmental Protection 

They believe 
The Federal 

'Environmental Protection Agency, Yomments on Proposed Final Environmental 
Statement," April 1975, pp. 3, 10. 

I V  c-25 



-11- 

Energy Administration finds the PFES projection out of date and provides an 
analysis showing a 5 percent growth rate for the next ten years, and a 25 percent 
lower demand than the PFES estimate through 2000. 1 

Unpublished studies by National Economic Research Associates (NERA) project a 
ten-year growth rate of 5.5 to 6.5 percent. 

Studies performed at Harvard allow energy demand to be determined endogenously 
within the model through a price elasticity.2 
model suggest electrical demand in 2000 to be 50 percent below the PFES base 
case. 

Initial trials with this enlarged 

Milton Searle has estimated a range of growth rates through 2020. 
through 2000 yields a de and level for that year approximately one-third lower 
than the PFES base case. 

His hi& trend 

'5 

This catalogue of research results could be extended, but the implication i s  clear. 
Most independent analyses produce electrical energy growth rates more like the 
PFES "low" to ''very low" estimates. 
quite high. As suggested above, many of the differences among these estimates 
can be traced to the near-term projections. 
next ten years can be reduced through better research and time, both of which 
ERDA ought to be buying. 

The PFES ''base case" should be considered 

Fortunately, the uncertainties of the 

II. THE COST-BENEFIT ANALYSIS AS A TOOL FOR DECISION 
- 

A major theme of the cost-benefit analysis and the PFES as a whole i s  the great 
uncertainty i n  a program as complex and extended through time as the LMFBR. 
The range of examined alternatives i s  sweeping. For many of the analyzed cases, 
there are substantial returns to the possession of a successful breeder technology. 
On the other hand, many cases exist for which the LMFBR would not be a paying 
proposition. Incorporating revisions to the analysis as suggested i n  the preceding 
section leads me to believe that the cost-benefit analysis in the PFES tends to be 
strongly biased in favor of the LMFBR. 

'Federal Energy Administration, Comment letter 89, May 1, 1975. 

*Alan S. Manne, "Preliminary Results From Endogenous Demand Model 
Breeder Commercialization, 'I unpublished paper, April 23, 1975. 

'Milton Searle, Uranium Resources to Meet Long-Term Uranium Requirements, 
Electric Power Research Institute, September 1974. 
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The effects of revising the base assumptions are summarized i n  Table 3. The Table 
provides a count of the cases calculated i n  the PFES with benefits less than $5, 
$10, and $15 billion. The PFES estimates the discounted R&D costs at  $5 billion. 
However, our discussion above suggested the $10 billion, or even $15 billion, are 
possible, perhaps likely, outcomes. For the 61 LMFBR cases' analyzed in  the PFES, 
15 (or almost 25 percent) predicted gross benefits below $5 billion, and 28 (46 per- 
cent) fell below $15 billion. From the total of 61 cases, Table 3 displays selected 
subsamples that illustrate the impact of the higher capital cost differentials and 
lower electrical energy growth discussed i n  Section 1 .  
uranium supply condition was also included i n  Table 3 to illustrate the sensitivity 
of results to variations i n  that parameter. 

In addition, an optimistic 

With a capital cost differential of $100/kW between LMFBR and LWR plants, 15 out 
of 16 cases have gross benefits smaller than $15 billion, and 11 cases are smaller 
than $5 billion. 
electrical energy demand growth, the results are even more striking -- 7 out of 8 
cases show benefits a smaller than $5 billion. 
are more likely than the base case assumptions in the PFES. 

In fact, I must point out that the $lOO/kW capital cost differential was used here 
only because these calculations were available, and not because the differential 
should be expected to be that small. If the differential were as high as $200 or 
$300/kW (as seems more likely), Q'OSS benefits would be commensurably smaller, 
and perhaps even negative. In the linear programming model used in  the cost- 
benefit analysis, the introduction rate of the LMFBR was dependent on economic 
factors as the LMFBR competed with other energy sources -- unless constraints were 
imposed on the model. 
commercial" breeder was available (at, presumably $520/kW capital cost) and no 
constraints were imposed, the model "produced a small benefit" C 11.2-1323. 

When this high capital cost differential i s  combined with low 

Both of these conditions, I believe, 

When a test calculation was made i n  which only the ''early 

On this evidence, and on the evidence cited in Table 3, I would guess that,in an 
unconstrained case, higher cost differentials would make the LMFBR uneconomic. 
Nevertheless, a l l  of the predictions are probabilistic and detailed predictions 
beyond 2000 border on the psychic. 

Given the wide range of possible net benefits -- from large negative values to even 
larger positive values -- of what use i s  a cost-benefit analysis of the kind presented 
i n  the PFES? 
or negative when future possibilities were assessed over the distribution of probable 

'To the 76 cases of Table 1V.D-1 in the PFES were added three cases taken 
from Figure 11.2-1 1 (page 11.2-19), and three cases from Environmental Protection 
Agency, Comments on PFES, April 1975, Table 1, p. 18. 
21 were base case analyses without LMFBR. 
benefits for possessing the breeder. 

I f  the net benefit had turned out to be predominantly either positive 

Of these 82 cases, 
Therefore, 61 cases included gross 
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Table 3 

SENSITIVITY OF COST BENEFIT CALCULATIONS 
TO CHANGES IN ECONOMIC FACTORS 

Number Number of Cases (at 10% discount) 

Case Selection Criteria Gses $15 Billion $10 Billion $5 Billion 
of with Gross Eenefits Less Than: 

A l l  cases 

Energy Demand: 

Uranium supply: 

Capital cost differential: +$lOO/kW 

Energy demand: lower than base case and - 
Uranium supply: base case or optimistic 

Capital cost differential: +$lOO/kW and 
Uranium supply: base case or optimistic 

Capital cost differential: +$lOO/kW and 
Energy demand: lower than base case- 

base case or lower 

base case or optimistic 

61 28 23 15 

53 28 23 15 

43 20 18 13 

16 15 13 11 

35 20 18 13 

10 10 10 9 

8 8 8 7 
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values, the analysis would provide a signal for a "go" or "no-gol' decision. 
This review suggests that the outcome i s  much closer to the "no-go" end than 
does the PFES. The outcomes of the 
analysis do not permit opponents to condemn the project out of hand as 
uneconomic, or -- for that matter -- a prudent decisionmaker to commit the 
nation to an LMFBR economy. 

Still, there i s  considerable uncertainty. 

The PFES cost-benefit analysis i s  not primarily a decisionmaking document, although, 
at least i n  revised form, it can contribute to the decision process. 
rather, the perceptions and needs of those outside the LMFBR project. The require- 
ments of the environmental impact statement cal l  for the forecasting and evaluation 
of a highly uncertain future. 
calculating hundreds of outcomes under varying assumptions. 
scenario represents the uncertainties as though they were a l l  resolved before ony 
actual decisions have to be taken. 
programmatic Environmental Impact Statement requirements, but i t  also reflects the 
actual LMFBR program plans. 

It reflects, 

The AEC tried to cope with these requirements by 
However, each 

To some degree, this approach derives from 

The analysis conveys a strong impression throughout that i t  i s  important to decide 
now either to accept or reject an entire development program. 
delaying LMFBR introduction by a few years i s  pictured as a case of a l l  loss and 
no gain. But large positive benefits could result from delaying or extending the 
program; ongoing ERDA studies, research, and facility development during the 
period of delay would surely generate information that would lessen the potential 
for costly mistakes. 
for the NSF Office of Energy RhD Policy indicate that the PFES portrayal of 
losses due to delay are unduly pessimistic. As one scenario, they incorporate a 
lower electrical growth path (beginning with 5.6 percent through 1985) an+ assume 
that total undiscounted RhD costs wi l l  remain constant i f  the program i s  delayed; 
however, discounted RhD costs fall as these expenditures are shifted into future 
years. The Plummer and Richels results can be interpreted to show that net dis- 
counted benefits are relatively insensitive to LMFBR availability dates over the 
period from 1988 to 2006. Thus, even within the restricted scenario structure of 
the cost-benefit analysis, there i s  evidence that a go/no-go decision i s  not necessary 
at  this time. 

For decisionmaking purposes, one could perhaps develop a better model of the actual 
development process through use of a probabilistic decision analysis. However, even 
a decision-tree analysis that explicitly treats the uncertainties of the program and 
the multiple potential paths that may be taken, may not be able to deal with the 
"strong uncertainties" that exist in a major R&D undertaking. 
admit future possibilities that are inconceivable at present, whose probabilities 
cannot now be estimated. 

For example, 

Analyses performed by James Plummer and Richard Richels 

That is, one must 

For example, a look back over the past seven years 
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since the first LMFBR cost-benefit analysis was made shows two important, difficult- 
to-predict events, about which opinions were and continue to be significantly 
divided -- the large increases i n  fossil fuel prices stemming mainly from OPEC 
cartel actions, and the great impact of environmental concerns on the costs and 
plans for nuclear power. 
power. 
consider the probability of other equally powerful and uncertain events arising over 
the next 25-40 years covered by the cost-benefit analysis. 

In short, the cost-benefit analysis underlines the high degree of uncertainty 
surrounding the LMFBR and provides some understanding of how a wide range of 
future events may affect the economics of an LMFBR investment. Incorporating 
a set of modified assumptions that we believe are more likely than the base-case 
assumptions yields a high percentage of possible outcomes with low or negative 
payoff. The work by Plummer and Richels for NSF suggesk that net benefits are 
not substantially reduced by a delayed introduction and commercialization of the 
LMFBR. A l l  of these conclusions point to a policy that recognizes the unceriuinty 
and i s  willing to trade time for knowledge. 
approaches. 

These events have critically affected the course of nuclear 
I f  over a sevenyear period, fwo major new sources of uncertainty arose, 

Section Ill discusses such policy 

111 .  GUIDES FOR FUTURE POLICY 

This section seeks to describe a strategy for decision rather than prescribe a specific 
course of action. 
outlined first. 
Finally, techniques that may aid i n  implementing a sequential strategy are discussed. 

It can be postulated that the purpoae of a federal demonstration project encompassing 
great uncertainty in many dimensions i s  to reduce that uncertainty through the 
generation of validated information. 
be judged by i t s  efficiency i n  doing this job -- reducing the uncertainty -- and 
not by whether the technology i s  ultimately disseminated. 

The major features of a sequential development strategy are 
Next, some o f  the impediments to such a policy are considered. 

The success of demonstration should therefore 

The uncertainties relate to several dimensions of this project -- technology, costs, 
demands, reliability, safety, Iicenseability, etc. A current Rand study of federal 
demonstration projects suggests that i f  the technological uncertainties are not we1 I 
i n  hand, the ability of a demonstration to reduce the other dimensions of uncertainty 
i s  l ikely to be compromised. 
before proceeding to the next phases. 
expertise on the LMFBR, the evidence seems to indicate that this first task has not 
yet been completed. 

ERDA i s  conducting major studies to reduce many of the uncertainties. 
over the next five years, the Natural Uranium Resources Evaluation Program should 
substantially increase our knowledge of domestic uranium availability. 

The first task, therefore, i s  to prove out the technology 
Though I do not claim specific technical 

For example, 

Even without 
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special studies, new information i s  continuously becoming avai lable that alters 
the analysis and outcomes of the LMFBR: 
t h i s  cost-benefit study and previous cost-benefit studies i s  h a t  the basic input 
datu have appreciably changed.. . Because of this, a new study was required for 
this Environmental Impact Statement. ' I  

"The principal difference between 

C11.2-11 

Rand studies on technologically advanced systems have shown that austerely developed 
technical feasibility prototypes are highly desirable both for components and for the 
entire s stem before significant work i s  done to verify the other dimensions of the 
system. The purpose of austerity i s  to force developen to use as much off-the- 
shelf technology as possible, to pursue new designs only where necessary, and to  
infuse the project with greater creativity and more astute engineering. 

Many of the European breeder development programs have proceeded in an incremental, 
step-like fashion. 
reactor of the preceding phase was operating successfully. 
sodium-cooled thermal reactor a t  Karlsruhe i s  being modified for operation as a fast 
reactor. 
plutonium reactor into a sodium-cooled plutonium reactor of 5 mWt power. 
reactor was later modified for operation a t  10 mWt. 
possible at each new step, the uncertainties associated with each advance are 
reduced. 
can lead to an optimal system design that works. 

The French have resisted commitment to a new phase unti l the 
In  Germany, the 20 mW 

The Soviet Union reworked a 100 kWt (kilowatts thermal) mercury-cooled 

By changing as few things as 
This 

Each specific design may not be optimal, but i t  works, and the sequence 

An essential feature of a seqiiential strategy i s  the learning that goes on between 
phases. Incremental design reduces the amount of testing and learning that must 
be done a t  each step. But it i s  vi tal that the test and evaluation phase not be 
ignored. Once again, this takes time; in weapons developments, the costs of not 
taking this time i s  measured i n  billions of dollars and reductions i n  effective force 
size. When time i s  not critical, as in  the LMFBR case, it i s  a cheap commodity; 
and there have been very few instances where a rush to completion can be justified 
after the fact. 
that incremental, sequential development i s  slower, i n  the end, than compressed, 
concurrent development. 

For that matter, there i s  l i t t le  hard evidence to support the assumption 

It i s  a t  least as safe to conclude otherwise. 

To summarize, my recommendations for a sequential development strategy include: 
austere development; incremental design; and time to  test. 
degree of uncertainty, the prudent decisionmaker w i l l  (a) elect not to make decisions 
that can't be wisely made now (commitment to the currently proposed full develop- 

'Robert L. Perry, 'et al:, System Acquisition Strategies, R-733-PR/ARPA, 
The Rand Corporation, June 1971; BurtontH. Klein, et al., M i l i t a v  Research and 
Development Policies, R'333; The: Rand Corporation, December 1958; L. L, Johnson, 
The Century Series Fighters: A Study in.' Research and Development, RM-2549-PR, 
The Rand Corporation, May 1960. 

Faced with such a large 
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ment program), (b) make today only the decisions that must be made today (fo: 
example, key components - of CRBR), and (c) plan for the resolution of uncertainty 
over time (uranium supply, electricity demand, capital costs, RBD costs, etc.). 
To put i t  another way, a program that requires a minimum of 12 years to complete 
i s  simply beyond human ability to preplan with such confidence that one would want 
to commit to a l l  of it. 

One final point about this strategy: i f  everything goes well as proponents claim 
it will, i f  a l l  the uncertain parameters turn out as estimated i n  the PFES, and i f  
a l l  the technology i s  as well i n  hand as proponents contend, this strategy wilt 
result, wi th  very high confidence, i n  a working, safe and economical breeder only 
a few years beyond 1987. 
any major respect, the least unfavorabfe result would be significant schedule slippage 
and cost growth. 

I f  the PFES scenario i s  adopted and proves faulty i n  

Why i s  such a strategy so difficult to adopt for large, U.S. government programs? 
Project proponents don't like a sequential process. 
stretched out over time. 
illusory alternativc of commitment to a fully preplanned course. 
perceived as easier to kil l  i f  things do not turn out too well -- or even i f  they do -- 
because there are no large economic or political consequences linked to cancellation. 

It implies smaller budgets 
It appears to complicate their task by comparison with the 

The project can be 

Project opponents don't l ike this kind of low-profile sequential decisionmaking, 
either. 
perceived as hard to ki l l  i n  the early stages because the major production decision 
may be years away a d  no important resource commitments wi l l  be up for review 
until then. The project can develop a constituency and momentum over time that 
wi l l  later roll over i t s  critics. 

They view i t  as the camel's'nose under the tent. The program can be 

Politicians may have other reasons for disliking the sequential approach. 
feel short on the expertise needed to evaluate program decisions year after year. 
Multi-billion dollar decisions are political decisions with high transactions costs to 
those involved. 

They may 

Thus, many pressures converge to force a major program review into a take-it or 
leave -it framework. 

Despite the difficulties i n  running a sequential development program, I believe that 
ERDA should implement such a strategy. 
decisions, promises, and habits that w i l l  be hard to change. 
this point, however, can be viewed as the result of a frank appraisal of new informa- 
tion and analyses. 
certainly help to gain their confidence and trust and, perhaps, their grant of authority 
to manage the program. Further, there i s  no need to sell the LMFBR now as a 

The present situation has grown out of past 
A shift i n  direction at 

A stance 0f openness before the Congress and the public wi l l  
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bil l iondollar program. 
toward reducing uncertainty and averting risk for the future. 
a retrenchment of goals and a slimming down of task, but that may be a rational 
response at the present time. 

Rather i t  can be straightforwardly described as a step 
This would require 

It must be openly acknowledged that much uncertainty exists i n  pursuing any new 
technology -- especially one, like LMFBR, that depends on world-wide events 
beyond the control of the project. 
promised; there i s  always the possibility that the resources spent i n  advancing 
LMFBR technology may not have the desired payoff. 
be structured to enhance the probability of success and to reduce the cost of 
failure. 

A detailed future cannot and should not be 

However, such eftorts can 

ERDA i s  of course now more than nuclear. 
within the agency, as implied by recommendations to scale down and stretch out 
the LMFBR, could enhance internal competition and foster more realism i n  estimates 
generated by intramural reviews and critiques. 
non-sequential process (which includes the option of cancellation) formally eliminates 
the possibility of learning, increases uncertainty by straightjacketing the future, 
and increases the probability that costs (whether social or project) wi l l  be greater 
than necessary. That is, a truly sequential approach could turn out to cost less 
and take little, i f  any, additional time to attain the objective of a reliable, safe, 
and economical breeder system. 

A relative reallocation of resources 

It should also be noted that a 

ERDA stands astride many technologies and many possible changes. 
can have a significant impact on the future. 
LMFBR project as currently structured could be a Pyrrhic victory. 
carry over to broader issues. 
and critically appraised, wi th  the goal of reducing uncertainty and generating 
validated information, can perhaps establish a course between these two equally 
undesi rob le outcomes . 

I t s  actions today 
Winning approval to carry out an 

A defeat could 
A sequential strategy, honestly taken, periodically 

Sincerely, 

DBR:jy 

Donald B. Rice 
President 

cc: The Honorable Robert W. Fri, 
Deputy Administrator, ERDA 
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June 19, 1975 

Mr. Robert C. Seamans, Jr. 
Administrator 
United States Energy Research 

Washington, D. C. 20545 

Dear Mr. Seamans: 

and Development Administration 

In response to your letter of April 3rd, I have reviewed 
the sections on health effects of the Proposed Final 
Environmental Statement - Liquid Metal Fast Breeder 
Reactor Program (WASH-1535). In particular, I have 
attempted to determine if the thrust of the conclusions 
of the health effects sections is in accordance with 
existing scientific data and the consensus of scientific 
judgment based on my experience as chairman of the 
NAS-NRC committee that produced the BEIR report on 
"The Effects on Populations of Exposure to Low Levels 
of Ionizing Radiation". 

In my opinion, the conclusions are valid in that health 
or bioenvironmental impacts would not be of sufficient 
magnitude to have any bearing on the decision to proceed 
with, defer or abandon the LMFBR program. 

One can take issue with various details of the health 
effects section and clearly there is more research to be 
done. There are still uncertainties in the quantitation 
of various important parameters: e.g. the amount of 
radioactivity released per unit of electricity produced; 
meteorological transport; the resuspension factor; 
dispersal in soil; root and foliar uptake by plants; 
inhalation and ingestion by the population; actinide 
metabolism within the body; induction efficiency of 
cancer and genetic defects; dose - response curves. 
Nevertheless, the following conclusions are reasonably 
firm: 

1. Inhalation, not ingestion, will be the most 
important route of intake of actinides from 
routine releases. 
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2. 

3 .  

4 .  

The risk from a few "hot particles" in the 
lung appears to be lower than that from the 
same amount of radioactivity uniformly 
distributed. 

The risk of cancer induction from the actinides 
is judged to exceed the risk of genetic damage. 

Routine releases of alpha-emitters and accidental 
releases (based on best estimates of accident 
frequencies) would produce risks lower than 
from generation of electricity from fossil fuels. 

It is unfortunate that the public imagination has been 
captured by the so-called "horrors" of plutonium toxicity. 
Plutonium can, as any radioactive alpha-emitter, cause 
cancer and must be controlled. If it gets into the blood 
or lungs even a small quantity may result in malignancies 
after a sufficient induction period. But contrary to 
popular conception, large amounts can be swallowed or have 
contact with the skin without harmful effects; this is 
because of poor absorption into the body. 
plutonium is no more harmful than many other substances 
that man deals with. Some sense of public confidence 
should be forthcoming from the great amount of scientific 
work that has been done on plutonium as referenced in the 
Environmental Statement. Particularly in regard to the 
recent postulation about extreme high risk from "hot 
particles" deposited in lung, it should be noted that 
several official bodies both in the United Kingdom and 
the United States have gone on record as opposing this 
view and supporting the validity of existing concepts. 

Finally, it should be emphasized that the key issue is 
not the harm that will result from the LMFBR or any other 
fuel system: but rather, which available fuel system 
produces the least amount of harm and how does that amount 
of harm compare with the effects of having an inadequate 
supply of electricity. 

In actuality, 

Because of the vast amount of detail contained in the 
Environmental Statement itself and in the responses of 
the staff to comments, I have not thought it worthwhile 
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to repeat discussions of specific.details. 
above judgmental assessment will help serve the purposes 
of ERDA in fulfilling its societal responsibilities. 

I hope the 

Very truly yours, 

Cyril L. Comar, Director 
Environmental Assessment Department 

CLC : bhs 
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